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SECTIOK I
INTRODUCTION
Apples

(Malus pumila1 ) are grovm as a basic fruit

commodity throughout the temperate world.

Their culture var

ies from country to country depending on the environmental
conditions which arc present.

All of these apples are subject

to disease and insect pests whi ch also vary, some being com
mon to all areas whilo others are restricted to certain locales.
Apples arc the most important fruit crop in the
United States,

The average annual production of marketed

apples is approximately 113,800,000 bushels

(10).

The State

of New Hampshire produces one million bushels of these mar
keted apples.

Of course,

there are many thousands of bushels

of apples which do not reach the market for various reasons,
including disease losses.

It is estimated that in the United

States that approximately 8,263,000 bushels annually do not
reach the market because of the apple scab disease alone (GO).
Losses from apple diseases are generally attributed
to fungi anu bacteria.

The virus diseases besetting them

are considered more or less oddities which do not appreci
ably affect the quantity and quality of apples produced.

1. All plant names are in accordance with Rehder's Manual
of Cultivated Trees and Shrubs (108) or Gray's Manual of
Botany (39).
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The
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writer believes that apples are almost in the same position
as potatoes; namely, most apples are infected with virus enti
ties , but they differ from potatoes in that this fact is not
yet recognized.

The purpose of any investigation of apple

virus disorders is to further our recognition of these unapparent disorders and to correct them.
A. preliminary review of the literature indicated that
no indexing host was available which would detect viruses
within the apple tree which do not express themselves by the
presence of symptoms.

This presence of a virus within a host

which does not show symptoms is referred to as a latent virus.
Its detection within a plant is demonstrated by the transfer
of the virus to another host and the development of symptoms
by the second host.

This is generally called indexing and

is by far the most widely accepted method of determining the
presence of latent viruses within a plant.

One of the general

purposes of this work is to develop an indexing technique
which will demonstrate within a particular host the presence
or absence of a viral entity in apples.

Without this technique,

very little progress can be made in the study of apple virus
diseases.
The particular purpose of this study of virus disorders
of apple trees had its origin in the severe winter of 1933~3l+
(118, 119)•

The extremely low temperatures over an extended

period of time caused many apple trees to die from freezing
injury and caused extensive injury among many of those trees
which survived the winter.

Most of the injury was located

on the trunks of the trees near the soil line and in the

3
crotches of the larger branches near the main trunk.

Since

the injury was rather restricted it was thought that these
areas which lacked low temperature hardiness or exhibited
susceptibility to winter injury could be replaced by grafting
which would substitute a hardier trunk and scaffold limbs.
Using this as a basis for an experiment,

Dr. W. W. Smith,

Horticulturist at the Hew Hampshire Agricultural Experiment
Station planted apple trees at his farm, in Gilford, New Hampshire.
In place of the usual varietal tree trunk the selections
Virginia Crab and Florence Crab were used.

The apple varieties

in whicv these trunks were grafted were McIntosh, Cortland,
Red Spy and Northern Spy.

This work was initiated in 19*4-0,

and by 19*+8 , disorders which were of unknown cause and which
did not permit the proper development of the trees appeared
in the substituted trunks
stocks or interpieces).

(more commonly referred to as bodyIn addition, symptoms appeared on

the fruits of the Cortland variety of a noticeable discolora
tion which reduced their market value.

The disorder occurring

in the Virginia Crab bodystoclc has been called "wood pitting",
"stem pitting" or "tristeza"

(1H8 , 119) •

the Cortland fruit have been described and
apple"

The symptoms on
called "dapple

(120 ).
The purpose of these investigations has been to

determine the nature of the dapple apple disorder and to
increase our knowledge of this and other apple virus diseases.

If

SECTION II
REVIEW OF LITERATURE
The start of our knowledge of plant virus diseases is
usually attributed to Iwanowski, who in 1892 could not remove
the infective entity of tobacco mosaic with fine bacterial
filters.

Bei.ierinck, a few years later, conceived the possi

bility that another agent smaller than bacteria could exist
and cause the tobacco disorder.

Bei.ierinck in 1896 called the

infective sap "contagium vivum fluidum 11 and, thus, gave official
recognition to viruses (17 ) •
The word "virus" is of Latin origin from "virulentus" ,
which exactly translated means poison or toxin.

At one time

the word was associated with bacteria, and bacterial and
viral phrases were synonymous.

With the introduction of fil

ters fine enough to exclude bacteria, it became more common
to refer to those agents as filterable viruses.

These enti

ties, after all else is removed, are now called viruses (17 ),
A virus has been defined as "a submicroscopic
entity, probably nucloo-protein in nature, capable of repro
ducing itself only in vivo, and usually producing certain
symptoms in the host" (109).

A virus is also defined as an

exceedingly minute obligate parasite which grows and multi
plies within, and at the expense of, living hosts and is too
small to be seen with the ordinary light microscope (110 ).
Although 1892 is the starting point of virus know-

ledge some pertinent work in fruit trees had keen done before
that time.

E. F. Smith (55) in 1888 transmitted the peach

yellows by grafting, thus demonstrating that it was an infec
tive agent not caused by bacteria or fungi.

Beach yellows

had caused considerable attention and was first recognized in
1791 in this country (55).

Apple mosaic is also a disease of

long standing, having been noted first about 1827 in France (97).
Apple- virus diseases have not received as much atten
tion as other fruit tree vires diseases until recently.

Holmes

(62 ), in his 1931-' classification, lists :.'armor mall (apple mosaic
virus) as the only virus causing a disease of apples.

Smith

(Dv5 , in his 1957 book, briefly describes 8 virus diseases of
apples and lists 2 as synonymous.

Anderson (1) in .1956 des

cribed h apple virus disorders and makes reference to 3 more.
The Review of Applied Mycology (9) in 1957 recorded 12 viruses
on apples.

Many strains have also been listed; some of which

are in error.
The brief summaries presented by Anderson (1) and
Smith (1$ , although recent are inadequate for the separation of
virus diseases and establishing the occurrence of a now one.
An extensive review of the literature was necessary to estab
lish dapple apple as a new virus disorder and to present a disscussion of apple virus diseases.
This review of the literature will attempt to record
those apple virus diseases which have been described previous to

1958 and to relate to each other only those which are obvious.
It is hoped that this review will aid in understanding the symp
toms of apple virus infection and clearly present a needed sum
mary of apple virus disorders.
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Virus Symptoms Expressed in Foliage and Stems
Name:

Apple Mosaic Virus
Khristov 193J+* (Apple
Infectious Variegation Virus Bradford and
Joley 1933? Pyrus virus 2 Smith 1937;
Marmor mali Holmes 1939)

Disease N a m e t
Symptoms:

Apple Mosaic, Infectious Variegation.

Apple mosaic is a disorder of the leaves

in which whitish or cream-colored areas are present.

These

areas may be either of polygonal shapes which are more or less
restricted by the veins, or somewhat of a blotchy condition
covering the lamina of the loaf which tends to follow the
veins.

The amount of discoloration may be as little as a

fleck on a single leaf or it may cover the entire leaf.
mediate forms are present.

Inter

Necrotic areas appear on the more

severely affected leaves, and defoliation of these leaves is
common*

Strains, based on the severity of symptoms have been

described.

Reddish-brown streaks on the bark of young shoots

and cream-colored patches on the fruit may occur in very sensi
tive varieties.

The virus entity causing apple mosaic has been

transmitted (25, 31, 32, 97, 100 f.
Discussion? Considerable work has been done with the
apple mosaic virus.

Perhaps the most important is the subdi

vision of apple mosaic symptoms into 3 strains— severe mosaic,
mild vein-banding, and mild mosaic

(100 ).

Severe mosaic is the most intense form causing exten
sive vein-banding and large chiorotic areas which become necro
tic in late summer, followed by much defoliation.

1.

Severe

References refer to the entire symptom description.
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mosaic, probably on the very susceptible varieties Cox's
Orange Pippin and Lord Lambourne, is expressed by creamcolored blotches on the fruit and by reddish-brown streaks
on the bark of young shoots.
Mild vein-banding mosaic may cause the full range of
symptoms but is predominantly expressed by a mosaic banding
of the primary and secondary veins and by a mosaic network
in the tertiary veinlets.
Mild mosaic lacks the more intense chlorotic areas
as well as any extensive banding of the veins.

It is expres

sed by streaks or flecks which are usually small and obscure
and, therefore, may be overlooked entirely.
More recently, three minor strains have been described
(100 )i a vein clearing type, a line pattern type and a ring
spot type.

The last named is somewhat reminiscent of Cochran's

findings in 1950 (35 )•
A.pple mosaic has been known since 1825-7 in France
(97 ), making this disorder one of the oldest recorded virus
diseases.

It wns first noted in the bnited States in Pew York

in 1910 (10), Connecticut, 191^ (59), Maine, 1916 (89), Massa
chusetts, 192*+ (^9), and Michigan, 1933 (25).

In 1923 Blodgett

(19 ) successfully transmitted "infectious variegation" by
experimentation.

In 193^ Christoff (31) in Bulgaria named the

disorder "apple mosaic" and furthered its transmission to
quince and pear.

In 1937 Thomas

(123) expanded the host range

of apple mosaic to include the following genera and species:
Cotoneaster, Eriobotrya .iaponica, Photinia, Rosa and Sorbus
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pallescens.
(3)«

Work in I-Iev Zealand added Crataegus to the list

Kirkpatrick (6 9 ) successfully transmitted the disorder

to peach, and Gilmer

(*f7) associated the plum line pattern

virus disease with apple mosaic by inoculating apple seedlings
with a plum line pattern virus from Shiro plum and by inocula
ting Shiro plum with apple mosaic from apple.

Typical symp

toms of plum line pattern were produced from the virus in
the apple mosaic buds in Shiro plum and vice versa,
and Ellenberger

Posnette

(102 ), using some strains of apple mosaic virus

and plum line pattern virus, were also able to induce symptoms
typical of plum line pattern and apple mosaic by cross inocula
tion.

This work indicates that the plum line pattern disease

of plums and also of peaches is the same virus entity respon
sible for the symptoms of apple mosaic in apples.
Methods of transmission other than by budding or
grafting have been reported.

Yarwood

(132) mechanically trans

mitted the symptoms of apple mosaic by means of carborundum
abrasion from infected apple leaves to tobacco and other
plants and was able to return the virus to apple by means of
dodder

(Cuscuta subinclusa and C. campestris) .

Yarwood

noted that the symptoms of apple mosaic in tobacco were simi
lar to tobacco streak virus.

Fulton (M+) found differences

in the reactions between tobacco streak virus and Yarwood*s
strain of apple mosaic and concluded that apple mosaic was
not a strain of the tobacco streak virus because of the lack
of cross protection between the two entities in tobacco.
Virus entities of apparently related composition, but yet
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offering some dissimilarity in symptom expression, are known
as strains.

When one strain is present in a plant it will to

some extent protect the plant from infection by another
strain even though the latter is more severe.

This type of

defense is Imown as cross-protection.
Posnette and Cropley (100) were unable to transmit
apple mosaic mechanically and believed, therefore,

that

Yarwood had a different virus which caused apple mosaic symp
toms in apple.

They were also able to show cross-protection

between mild mosaic, mild vein bands’ng and severe mosaic
symptoms in apple.

The milder strains of apple mosaic offer

cross-protection to the severe strain (17 , 97 )•
Cochran (35) inoculated apple seedlings with material
from peach trees infected with peach ring spot virus and noted
rings and mottle patterns similar to apple mosaic in the apple
seedlings.

Upon returning this selection to peach, ring spot

symptoms developed.

Other selections of apple mosaic produced

no symptoms on peach.
From tho above it is evident that there are at least
two virus entities which may cause symntoms of apple mosaic
in apole.

The true apple mosaic consists of at least three

strains and is not mechanically transmissible.

Another entity

causing similar symptoms in apple is associated with peach
ring spot.

Yarwood!s strain may or may not be the same.

Apple mosaic is generally considered to be systemic
within the tree.

It has been noted maiy times, however, that

buds from infected trees when used as inoculum may fail to

10
transmit the disease

(3 0 , 7*+, 95 , 100 ).

Posnette

(100 ), by

using buds from vigorously growing shoots, with and without
symptoms on the leaves, found that symptomless shoots did
not transmit the apple mosaic virus as readily as buds from
a shoot with leaf symptoms, thus indicating that there are
areas within a plant which are free of the virus, and that
the apple mosaic virus does not penetrate all portions of the
plant at the same rate,

also, leaves produced in the summer

show less infection than leaves produced in the spring.
The spread of apple mosaic throughout the world can
be attributed directly to man and his grafting techniques.
One hundred per cent infections of apple varieties are laiovm,
in which the result of infection can be directly traced to the
use of infected scionwood

(60, 9*+) *

Woolly aphid resistant

rootstocks such as that of the Northern Spy in which the apple
mosaic virus is symptomless

(100 , 122 ) have also been impor

tant means of spreading the virus in Australia.
Although no insect vector has yet been claimed for
any of the apple mosaic virus diseases,

there have been reports

of the spread of apple mosaic in orchards

(2 , 20 , 122 ).

Blodgett found that spreading took place in older trees and
down rows where the possibility of natural root grafts was
highest.

Be noticed an increase from 31 to 138 infected trees

out of a total of 91*+ over a 10 year period.

Several workers

have pointed out that infection by the apple mosaic virus is
potentially and actually detrimental to crop production (6 ,

3 7 , 7 7 , 100 ).

h'allach (7 7 ) contends that over a 5 year period
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increase in tree growth was ^0 per cent less, yield was 55 per
cent less, and that in young trees girth was decreased ^6 per
cent.

Dyer (37), comparing yields of infected and non-infected

trees in South Africa, reports a yield of 29*+ pounds of fruit
from healthy trees and 195 pounds from mosaic infected trees.
Posnette and Cropley (100) indicated in their studies that
infection with the severe strain suppresses tree growth 30 per
cent, and reduces yield as much as 30 to *+0 per cent in some
varieties.

Harvey ('5 ^f ) considers present tree infections to

be of importance.

he cites the loss of green photosynthetic

area as reducing the tree's efficiency.

Also, the pre-harvest

leaf fall exposes the fruits to direct sunlight resulting in
sun scald injury.
Posnette and Cropley noted in some trees of several
varieties a peculiar condition in which a strain of the apple
mosaic virus is latent.

This condition was discovered when

trees were indexed with Cox's Orange Pippin.

These varieties

are: Crawley Beauty, Edward VIII, Egremont Russet, Ellison's
Orange, Paxton's Fortune, Grenadier, Jonathan, Paxton's Supberb,
Hiller's Seedling and Orleans Reinette.

Heat inactivation of

the severe strain of apple mosaic has been reported by Posnette
and Cropley (100).

A treatment of 37° C. for 27 days in an

incubation chamber seemed to be most satisfactory.

A compre

hensive coverage of the apple mosaic disease may be found by
referring to the papers by Bradford and Joley, 1933? Posnette
and Cropley 1956, and Posnette and Ellenberger 1957*
Geographical Distribution:

Argentina (*+0), Australia
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(13), Belgium (112), Bulgaria
France

(31), Canada

(60) , England (7*+),

(112), Germany (77), Holland (6 6 ), Italy (33), Kenya

(*+), New Zealand

(30), Norway (10^), Nova Scotia

land (21), Tasmania, Union of South Africa

(60), Switzer

(*t0, Union of Soviet

Socialist Republic (7), United States (25) and Yugoslavia

(6 1*),

and is probably present in every apple growing district of the
world„
Varieties r

Many, including Jonathan, Golden Delicious,

Starking Delicious, McIntosh, Baldwin, Northern Spy, Cortland,
C o x ’s Orange Pippin, Bough Sweet, Lady Sudeley, Duchess of
Oldenburg, Gravenstein, Lord Lambourne, Aldington Pippin,
Lane's Prince Albert, Bramley's Seedling, Beauty of Boskoop,
Golden Pearmain, Ballarat, Astrachan.
Name:

Apple Rosette Virus
van Katwijk 1953
(Pyrus virus 6 (Smith) van ICatwijk)

Disease N a m e :
S ymptoms:

Apple rosette.

Apple trees infected with the apple ros.ette

virus boar little if any fruit.
single limb or the whole tree.

This disorder may affect a
The virus entity in this dis

order affects the leaves of the tree so that they are misshapen,
smaller than normal, and a cluster of them gives a rosette
appearance.

The base of an affected leaf is somewhat wedge-

shaped, while the serrations along the margin of the blade
are longer and sharper than normal.

The lower half of the

leaf blade is often less serrated than the upper half.

Some

leaves appear to be less misshapen, but the blade is somewhat
curled.

The virus entity causing the disorder has been

transmitted

(6 5 )♦
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Discussion:

The disorder caused by the apple rosette

virus occurs in Holland in 2 areas.

Single trees of the

variety Beauty of Boskoop were found to be unfruitful and to
have an upright appearance.

From the photographs it appears

that only the terminal buds produce leaves which accounts for
the impression that the disorder looks like a strong upright
rattle (term used by van ICatwijk).

It is readily detected as

being of virus-like nature rather than of some other type of
disease-causing agent.
measured 6 x ^

The average size of affected leaves

cm as compared to normal leaves of 10 x

cm.

The Jonathan variety showed some distortion of the leaves
after inoculation but not so clearly as Beauty of Boskoop.
Little mention was made of the fruit; apparently it is not
formed„
Geographical Distribution:
Varieties:

Holland

(65, 128).

Beauty of Boskoop, Jonathan, Golden Pippin,

Glory of Holland,
Hame:

Apple Proliferation Virus
Mulder 19*+9
(Pyrus virus 5 (Smith)) Apple Witch's
Broom Virus
Rui 1950

Disease Names:

Symptoms:

Apple Proliferation, Apple Witch's
Broom, Wildness, Wild Apple,
Scopazzi del meio.

At first an apple infected with true pro

liferation virus gives the impression that many witches'
brooms are growing in the tree.
rapidly growing water shoots.

The virus mainly affects the
After a limited amount of growth

the water shoots and some terminal shoots start to die back
while the axillary buds send forth new shoots which are smaller

lb
than normal, giving a proliferated or witch’s broom appearance
to the branch.

Apparently a cluster of shoots is thus located

on the branch and, therefore, resembles a faggot broom.

The

side shoots arise from buds which should be fruit buds and
thus are instrumental in reducing the yield of the tree.

The

stipules on the leaves of both shoots of the proliferated tree
are abnormally large and somewhat distorted.

From the photo

graph, the true leaf blade is more rounded than normal and
slightly distorted.

The leaves on affected trees are pale.

The apple proliferation virus has been transmitted (90).
Discussion:

There is some confusion concerning the

proper name of this disorder— whether it should be called
apple proliferation or witch’s broom.

This disease, although

known for many years in Italian nurseries, was first recognized
and reported as a virus disease by Mulder in 19*+9 in Holland
(90).

In 19I?0 Rui (113) in Italy published on the disorder,

calling it "witch's broom".

Also in Italy Fogliani in 1952

0 K3) gave some evidence of its virus nature, but Hefatti and
Ciferri (107) in 195*+ claimed not to have conclusive proof of
it.

Ciferri in 1956 (33) reported transmission of this virus

entit5r to pear as well as apple.

Smith (117) in his textbook

uses the term "Apple Witch’s Broom Virus" and refers to "Apple
Proliferation Virus" as a synonym.

However, both terms are

used in present literature, and it is still a matter of choice.
The disease in Italy assumes somewhat the same general
symptoms in mature trees and has been reported to affect as
much as 10 per cent of the Jonathan variety in the nursery (107).

15
In Italy an early development of dormant axillary buds was
observed on 1-year old apple nursery stock.

The vigor of

affected plants is reduced with 7 to 30 secondary branches
being formed.

The leaves are mostly small, narrow and rather

pale green, but the stipules show the same characteristic
enlargement.

Apple witch's broom has been noticed to spread

from tree to tree in some orchards, apparently by natural
root grafts.

Evidence that it may be spread by pruning opera

tions is offered by Fogliani

(*+3).

V/hile visiting Europe Dr, L. G. Cochran and G, Strout
observed apple witch's broom on nursery seedlings and sugges
ted it belongs to the "yellows" rather than the "mosaic"
group (31*).
The apple proliferation virus causes symptoms distinct
from those of apple rosette virus.
Geographical Distribution:

Austria

(*+2), Germany

(*+2),

Holland (90), Iraq (129), Italy (**3), Switzerland (1*2).
Varieties:

Golden Delicious, Jonathan, Canada Pippin,

Champagne Pippin, k'orgenduf t , Beauty of Boskoop, Barlepsch,
Golden Pearmain, Annurca, Abbondanza, Landsberger Rienette,
Laxton's Superb, Signe fillisch, Cox's Orange Pippin, Blenheim,
Golden Pippin.
Name:

Apple Rubbery Food Virus
Prentice 1950
(Pyrus virus 3 (van Katwijk 1953))

Disease Name:
Symptoms:

Rubbery wood

The rubbery wood virus affects only the

branches and stems of the apple tree.

The virus is expressed
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by the excessive flexibility of these parts which bend readily
under the pressure of their own weight and the weight of the
fruit upon them.

When hand p r e s s u r e is applied to the branches

they bend easily, and to some extent the degree of infection
may be determined by the ease with which the bending occurs.
Mature trees, under the weight of the branches and fruit,
assume a ''weeping" habit, the whole tree or a single branch
being affected.
ently normal.

The fruit produced by infected trees is appar
When compared to non-infected trees, affected

trees arc stunted.

The virus agent causing rubbery wood has

been transmitted (66 , 77 , 103)0
Discussion:

Symptoms of rubbery wood virus infection

are usually expressed by the typical "rubbery" feel of branches
in older trees.

However, in budded stock it is not uncommon

to find a vigorously growing side branch originating from a
point a few inches above the ground exceeding the growth of the
main leader.

In a few varieties the weight of the branches

even in nursery stock is adequate to cause the trees to lose
their normal upright habit and lie prostrate.

During pruning

operations the softness of the wood is noticeable and has been
described as being of rather "cheesy" texture.

Rubbery wood

infected trees produce normal fruits, but the yield is less
than normal (103 ),
The cause of the rubbery condition has been attributed
to incomplete lignification of certain cells (18) .

Microscopic

examination shox*/s that the walls of the xylem vessels and
tracheids are not lignified in the normal manner but are thick
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ened instead with cellulose.

These cells in sectioned and

stained portions of the stem appear as islands of unlignified
tissue surrounded by normal cells.
tion may be almost lacking.

In some branches lignifica-

Although not all cells are with

out lignin there is apparently enough of this structural
material lacking to prevent normal rigidity in the limbs.
The occurrence of rubbery wood is not considered to
be as important and as wide-spread as apple mosaic; however,
its known geographic distribution is being continually expanded.
It was first reported in England as an unusual disorder in
193I+» and work was furthered again in 19*+5 (I S ) and 191+9 (103 ).
Posnette and Cropley in 1952 (98), noting increased occurrence
of the disorder on the Mailing series of rootstocks used in
the orchards, undertook an examination of various rootstock
stool propagation beds in England.

They found that propagation

stools of M.I and M.IX^- rootstocks at the East Mailing Research
Station were infected with the rubbery wood virus.

In further

work it was found that some of the commercial stool beds of
additional selections of the Mailing series were infected.
Rubbery wood virus infected clones have been found in most of
the old stools of the Mailing series except M.II and M.XII.
The Mailing series of rootstocks have been sent throughout the
world as superior understock material.

No infections of the

rubbery wood virus have been found in the newer Malling-Merton

1.
The series of clonally propagated apple rootstocks from the
East Mailing Research Station are designated as M. for Mailing.
The Roman numeral indicates the clone.
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series (51 , 7^)►

The virus was first found to be present in

some of the propagation wood of the Lord Lambourne variety.
This variety has become quite popular during relatively recent
time throughout England and other European apple growing areas.
Consequently many trees have been worked over to Lord Lambourne.
By this means the rubbery wood virus disease has occurred in
many places due to the use of infected propagation material.
The rubbery wood virus disease has been reported recently as
occurring on Golden Delicious and Stayman apple varieties in
the State of Missouri (96).

The writer has seen experimental

plantings of English apple varieties in Oregon which are
typically infected with the rubbery wood disorder.

No doubt,

in the future we can expect rubbery wood to appear wherever
the Mailing series of rootstocks has been used.
Detection of the virus is based upon the rubbery
Mfeel" of the limbs.

The symptoms of the disease have been

separated into three classifications based upon the amount of
bending which an infected limb will do under hand pressure.
Since this is a qualitative measurement, some experience with
known infections would be necessary to determine new infections.
Posnette and Cropley (99) developed an indexing
method for the detection of the rubbery wood virus by using
the very sensitive variety Lord Lambourne.

Usually the

clonal rootstock M.II has been used because it is free of
the rubbery wood virus.

A bud of the tree to be indexed is

placed on a 1-year-old clonally propagated tree of M.II by
the usual budding methods.

A healthy bud of the Lord
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Lambourne variety is inserted a few inches above this bud.
When the remaining M.II aerial portion is cut off the
inserted buds grow.

If the rubbery wood virus is present in

the lower bud it will be transmitted to the upper sensitive
Lord Lambourne shoot which expresses the symptoms readily.
One caution has been emphasized in this procedure.

The buds

must be vertically aligned so that a portion of the upper
bud is directly over the lower bud.
Peach seedlings inoculated with buds from rubbery
wood infected plants resulted in foliage symptoms in the
form of purple rings and patterns

(95).

ing apparently lias not been expanded.

This method of test
A later note by Harris

(52) mentions a latent virus present in Lord Lambourne on
M.IX which caused a "green mottle" on peach and has been shown
not to be the rubbery wood virus 0
The occurrence of rubbery wood at the East Mailing
Research Station in England has brought to prominence the
occurrence of virus diseases in apples.

The distribution of

these clones throughout the world as dwarfing stock and under
stocks for apple varieties has considerably increased the con
cern over virus diseases in apple varieties.

The Mailing

series of rootstocks has been introduced into the United States
and has been used widely in promoting the dwarf and semi-dwarf
type of tree.

Again, through m a n ’s manipulations a virus dis

ease has been spread throughout the world.

No insect vector

is known.
Geographical Distribution:

Australia (122), Canada,
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England

(36 ), Germany (77), Holland (66), Italy (33), Norway

(lO^f), Switzerland (22), United States (96).
Varieties:

Golden Delicious, Stayman, Lord Lambourne,

Miller's Seedling, James Grieve, Dartmouth Crab, Laxton's
Superb, Worcester Pearmain, and more varieties yet to be
determined.
Name:

Apple Flat Limb Virus

Disease Name:

Symptoms:

Hockey 19*+3

Apple Flat Limb, Gravenstein Twist,
Gravenstein Gnarl, Spindle Wood,
Crinkle Wood, Ilastomania

In general, contortions, twisting, ribbed

trunk, deformed branches, and flattening are terms used to
describe the eccentric, sinewy growth of apple flat limb.virus
infected branches.

A cross section of a branch through an

affected area shows that the flat areas because they lack xylem
and phloem development are accentuated because of the normal
development of wood in other portions of the axis.

On each

side of the flattened areas are longitudinal cracks, the centers
of which do not extend to the wood but are covered with bark.
Beneath the baric of the flattened areas a pitting condition of
the wood appears which is similar to that found in Virginia
Crab.

The symptoms are variable and may be latent or hardly

noticeable in some varieties, more distorted in others, and in
extreme cases may be open wounds where the bark has died away
exposing the distorted, pitted wood of the xylem.

Some workers

have reported a reduction in yield of fruit, while others main
tain not.

There are no foliage symptoms.

virus has been transmitted (59, 6l, 7 0 ).

The apple flat limb
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Dis cu ss io n ? The distortions of the limb do not usually
become discernible until the second or third year in young
trees, but it has been observed on the present year's growth.
The symptoms start as a slight flattening or depression along
one side of the limb from one to several inches in length and
may extend half way around the branch.

As the age of the tree

increases the flattening also increases.

Affected limbs become

brittle and break under the weight of a crop (12).
Apple flat limb is one of the older and better known
diseases of apples, particularly on the variety Gravenstein.
It was first noted in Australia
in 1907 in Connecticut
Columbia,

(59).

(70) in 1905, and was reported

In 1938 Foster

(59), in British

transmitted the disorder from infected to non-infec-

ted Gravenstein trees.

Thomas

(123) in 19^-2, grafted diseased

material into Pyracantha sp, and obtained severe rough bark
symptoms.

Hockey in 19^3, accumulated the known data on apple

flat limb and reported transmission of the virus entity, but
since he obtained only }+0 per cent transmission in his trials
he suggested that the disorder was more involved with the type
of rootstock used than with a virus.

In Australia

(27) cer

tain cultural practices are still recommended to reduce the
effects and occurrence of this disorder.

Rootstocks which

permit rapid growth of the Gravenstein variety have a greater
tendency to show severe symptoms than rootstocks which restrict
growth.

In some varieties the virus is latent.
Kristensen (1956) and Hockey (19*+3) are good references.
Geographical Distribution:

Australia

(27, 28),
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British Columbia (59), Canada (59), Denmark (70), England (73),
Germany (115), Holland, Italy (1+8), New Zealand (82), Norway
(lO^f), Nova Scotia (59), Sweden (70), Switzerland (23), United
States

(15, 12^-).
Varieties:

Gravenstein, Wagener, James Grieve, Filippa,

Signe Tillishec, Ontario, Penthalaz, Lord Lambourne;
Latent Varieties:

Crimson Beauty, Dudley, Hove Reinet,

Ingrid Marie, Golden Russett.

Name:

Malus Stem Fitting Virus

Disease Name i

Symptomss

Stem Fitting and Necrosis (Smith 195*+),
Wood Pitting, Tristeza or Quick Decline,
Peach Tit.

The Malus stem pitting virus causes a dis

order which is most noticeable in the area of the inner phloem
and outer xylem in the bodystocks of Virginia Crab, Florence
Crab and Red River Crab.

The appearance of the outer bark of

infected trees offers some indication of the presence of the
abnormality.

The bark generally has a roughened, scaly appear

ance and may be ridged, furrowed or cracked depending on the
severity of infection.

A spiral pattern of scales and ridges

ascending in a clockwise direction is imparted to the bark as
these demarcations ascend the tree.

The thickness of the bark

of infected trees is 2 to 3 times that of non-infected trees.
When the outer bark is stripped away, a series of fine
lines and small fissures make a wavy, spirally ascending
design.

In older and in more seriously affected trees peg-like

protrusions of the inner bark fit into the deeper pits and fis
sures in the wood cylinder.

The pitting is limited to the

23
bodystock and stops abruptly at the union of bodystock and
apple variety.

Severely affected trees are considerably

dwarfed when compared to trees with unaffected bodystocks.
Generally, symptoms are not expressed on the varietal
portion of a tree when the bodystock shows evidence of Malus
stem pitting virus infection.

However, the McIntosh variety

has broad longitudinal cracks in the bark, the centers of
which do not extend to the wood but are covered with bark.
This bark symptom resembles one of the symptoms of the dis
order caused by the apple flat limb virus
sinewy growth has been observed.
has been transmitted
D is cussion:

(15) •

bo extensive

The Malus stem pitting virus

(15, 57, 88, 118, 119 ).
Considerable work has been done with the

rootstock selection Virginia Crab.

It has been used extensively

as a rootstock and bodystock because it possesses the qualities
of cold-hardiness, vigorous growth, wooly aphis resistance etc.
Early success with the Virginia Crab bodystock caused it to
receive much praise and wide dissemination, particularly in
the Mi dwes t (78, 79).
Uncongeniality between Virginia Crab and the Blaxtaman
apple variety was first reported in 1937 by McClintock (8l)
although Lantz in 1933 (71) had mentioned this possibility.
Since then many varieties have shown uncongeniality which is
characterized by lack of graft or bud "take" and poor growth
of young trees.
Smith, in 195^ (118) described a stem pitting disorder
which befell mature trees on Virginia Crab as well as those on
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Florence Crab, and suggested the possibility of a virus dis
order,

Tukey, later in 195^ (127), and Miller, in 195^ (85),

offered additional evidence of the disorder in Virginia Crab
and also suggested that it was of virus nature.

In 195*+

Millikan and Guengerich (87) reported the disorder as a pos
sible virus disease calling attention to the bark splitting
aspects.

In 1956 (88) they reported transmission to

Amelanchier of an agent taken from affected Virginia Crab,
and later in the year published experimental evidence indica
ting the virus-like nature of the stem pitting factor in
apple (50 ).
Hilborn and Hyland, in 1957 (57), reported the fol
lowing anatomical changes occurring in the cambial area:
Some cambial initials become multinucleate, and
the nuclei become distorted.
Some cambial deriva
tives become abnormal, resulting in disorientation
of xylem elements and phloem rays, large parenchyma
islands in the xylem, wide xylem rays, degeneration
of sieve tubes, and absence of sieve areas and
companion cells.
The disorder occurring on Virginia Crab has been
referred to as stem pitting, wood pitting and tristeza.
Smith used the phrase "stem pitting" in his description and
borrowed it directly from the citrus disease Citrus quick
decline or tristeza, which causes the same type of disorder
with the same pitting symptoms on certain sweet orange and
sour orange rootstock combinations

(117)•

The "stem pitting"

is adequately descriptive for both types of plants, but since
2 virus entities are probably involved it would be appropriate
to give each its own name.

In addition there is a stem pitting
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disorder of arabica coffee trees

(111) in Tanganyika, whose

symptoms are also like those above.

Since the term "stem

pitting'1 is commonly used to best describe the disorder it
is suggested that the generic name be used to distinguish
between these and future disorders of a similar nature.

Thus

the disease treated here would be Malus stem pitting and the
one on coffee Coffea stem pitting.
The disorder caused by the Malus stem pitting virus
resembles no other known apple virus disease except that
caused by the apple flat limb virus.

Remarks in the litera

ture tend to indicate that there are possible strains of the
apple flat limb virus varying in severity much the same as
with the apple mosaic virus.

Since pitting occurs in both

disorders and varietial bark symptoms similar to those on
Gravenstein infected with the flat limb virus have been noted
in one infected variety, the Malus stem pitting virus may be
a strain of the apple flat limb virus.
Geographical Distribution:
States

Canada

030) , United

(138).
V ar ieties:

Virginia Crab, Florence Crab, Red River

Crab.

Name:

USBA 227 Virus

Disease N a m e :
Symptoms t

Lethal Effect, Incompatibility,
Spy 227 Disorder

The symptoms of plants which are incom

patible on the rootstock selection USDA 227, a Northern Spy
Seedling, are fair groi'Tth during the season after budding,
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followed in the early fall by premature coloring of the leaves
and early defoliation,

An inspection of the roots reveals that

terminal rootlets have died and that no new root tips have been
formed.

By the following spring the entire root system may

be dead or dying.

The aerial portions of these plants leaf out

in the spring but soon wither and die or are retarded and die
in subsequent years.

In some trees, severe stunting results.

Somewhat the same symptoms are present in the IJSDA 227 when
it is inoculated with buds from some of these lethal varieties

(b5, 116, 126).
In the foliage of propagated plants of the elonal
selection ITSDA 227, one may discern a speckled spotting simi
lar to the common ring spot markings found in cherry (Prunus
avium).
Discussion:

Several workers have reported the presence

of incompatibility between some selections of apple varieties
and the clonally propagated USDA 227 (^5, 116, 126, 133).
Some effort has been made to explain the incompatibility by
a genetic variation between apple varieties and their selected
sports.

However, two different selections of the same variety

showed compatibility and incompatibility without any appreci
able difference in varietal variation.

The experiments per

formed by Gardner, Marth and Magness (^5) indicate that the
USDA 227 rootstock is susceptible to lethal entities carried
in scionwood of apple varieties.

In several instances a

single bud inserted into the USDA 227 rootstock caused the
death of the plant.

Gardner, Marth and Magness proposed
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that the lethal entity is a virus and that it is present in
the buds which are placed into the USDA. 227 rootstock.

They

further postulated that the lethal entity (virus) may be
present in some trees selected for scionwood sources and not
in others.

The observation that of the many USDA selections

tested, only USDA 227 and some clones of its progeny show
this incompatibility, suggested that a "second factor, perhaps
a metabolite developed by certain varieties and not by others,
is necessary for the lethal activity of the virus" (V5)•
Recent work at the University of New Hampshire (16)
has shown that this "second factor" is a virus perpetually
present in the USDA 227 rootstock clone, and it expresses
itself in the leaf by speckled, translucent spots.

This entity

has been transmitted to McIntosh seedlings by bud inoculation
which later resulted in leaf symptoms,

It also caused a reac

tion on the leaves of the indexing hosts M. floribunda and
M. brevines when buds from propagated trees of USDA 227 were
inoculated into then,
Ur on the evidence presented in previous papers it
would soon that the virus present in USDA 227 has been with
it since it was first selected in 1923 (^5),

It may also

explain the incompatibility of some of its progeny, the virus
having been seed transmitted to them.
Geographical Distribution:

United States (*+5)»

Variety: USDA 227.
Varieties of Some Clonal Selections Containing The
Partner Virus Which is Lethal to USDA 227: Rome Beauty,
Blackjon, Yellow Transparent, Jonathan, Golden Delicious, Winesap,
Delicious, McIntosh, Northern Spy, Baldwin,
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Virus Symptoms Expressed in Fruit
Names

Apple False Sting Virus

Disease Name:
S ymptoms:

Hockey 19*+3

Apple False Sting (See Green Crinkle
Virus).

The apple false sting virus causes the fruit

of infected trees to be stunted, considerably misshapen and
distorted.

No foliage or bark symptoms have been recorded.

The depressed areas or furrows are formed on the fruit surface
and seen to radiate from either the stem or calyx end.

These

furrows may transverse the apple from stem to calyx, may unite
with other furrows or discontinue half way over the fruit.

On

the more pointed varieties the calyx end becomes quite knurled
and misshapen.

In the early stages of fruit development the

disorder resembles stings caused by insects.

Russetting may

accompany this disorder in meager proportions, sometimes occur
ring on the surface of the fruit but more often associated
with a pit or furrow.
the pits or furrows.
transmitted

Corky areas develop internally beneath
The causal agent of false sting has been

(59, 61).

D is cussion:

Apple false sting was first described by

Hockey in 19*+1 and in 19*+3 he reported the transmission of the
virus entity.

The disorder has since been observed in other

parts of the world.
The disease first appears two or three weeks after
full bloom as small depressed areas which resemble the injury
which follows some insect punctures.

As the fruit matures

these depressed areas turn into sharp fissures on the more
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severely affected varieties and may develop cracks or russet
within the furrows.

There is no indication of insect trans

mission, and the spread which does occur is by natural root
graft or by grafting techniques.

In the latter case a rela

tively high percentage of transmission occurs.
Hockey has noted that
a microscopic examination of diseased apples reveals
that the normal vascular pattern is disturbed. Main
vascular bundD.es from the core area extend outward
to the hypoderrnal cells adjacent to a depressed area
and return to continue their normal path in the tis
sue.
This abnormal vascular pattern is accompanied
by a radial elongation of cells in the cortical
region below the depressed tissue and adjacent to the
distorted vascular bundles.
Apple false sting resembles the apple crinkle virus
disease of New Zealand but differs from it in that apple
crinkle has 2 fruit symptoms rather than 1.

No doubt, these

2 disorders are related possibly with some additional entity
present in the apple green crinkle.

The disorder has been

observed in New Hampshire on the Baldwin variety.
The reviews by Hockey are well, illustrated.
Geographical Distribution:

Canada

(59), Denmark (70),

England (73), Holland (70), Norway (70), Nova Scotia (59),
United States

(15)•

Varieties:

Gravenstein, Baldwin, Northern Spy,

McIntosh, Ben Davis, Golden Delicious, F u h r , Blenheim Orange
Pippin, King of Tompkins, Tolman Sweet, Guldborg.
Name:

Apple Green Crinkle Virus Atkinson and Robbins
1951. (Pyrus virus *+ (Smith) van Katwijk)

Disease N a m e :

Apple Green Crinkle (See Apple False
Sting)
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Symptoms:

The symptoms caused by the green crinkle

virus are very much like those of apple false sting.

Deep

fissures or furrows ramify over the surface of the apples
causing them to be considerably misshapen and distorted.

The

disorder may involve fruits on one limb or the whole tree.
As with the apple false sting virus

disease which shows simi

lar fruit symptoms the apples are stunted and commercially
useless.

Additional symptoms of the green crinkle disorder

include wart-like swellings on the surface of the fruit which
are often covered with a rough russet.

These swellings may

occur on the sane tree as the false sting symptoms in the same
or different fruits.

Also, the 2 types of symptoms may alter

nate from year to year in the same tree.

These wart-like

swellings appear with less regularity than the other symptom
and do not appreciably reduce the size of the fruit.
foliage or bark symptoms have been noted.

No

Apple green crinkle

virus has been transmitted (11, 12).
Discussion:

In 1932 Thomas and Raphael (125) reported

the occurrence of this disorder under the supposition that it
was a physiological disease and associated it with "internal
cork and malformed wood growths".

The malformed wood growths

apparently were of some other nature since Atkinson in 1956
(12) indicated there were no bark or leaf symptoms.

McAlpin

regarded apple green crinkle as a "confluent form of bitter
pit", the latter considered to be a physiological disorder.
Atkinson as late as 19*+7 still considered it to be physio
logical in origin.

However, in 1951 Atkinson and Robbins

reported experimental transmission of the virus entity.
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Apple green crinkle occurs principally In New Zealand
on the variety Granny Smith.
occurs.

Little if any natural spread

No insect vectors are known.
Geographical Distribution:

Australia (125), New

Zealand (11)•
Varieties:

Sturmer Pippin, Granny Smith, Winesap,

Home Beauty,
Name:

Apple Chat Fruit Virus

Disease Name;
Symptoms:

Luckwill and Crowdy 1950

Chat Fruit

Chat fruit affected trees are characterized

by the upright growth of the tree in contrast to the normal
spreading habit of healthy trees.

All the fruits on infected

trees are dwarfed, being about l A

the size of normal apples.

The fruits remain small and green at maturity and the exposed
side is dull brownish-red.

The pedicels of the fruit are

somewhat elongated, permitting the fruit to swing.
falls off prematurely.

The fruit

The virus entity has been transmitted

(75).
Discussion:

Apple chat fruit is a disorder most often

found in the Lord Lambourne variety and occurs rather often
in trees which are also affected with rubbery wood.

Apple

chat fruit apparently resembles no other virus disorder pre
viously described except that of apple dwarf fruit and decline
described by Cation (29).

It has recently been said to occur

on the Turley variety in Missouri (96).

Transmission experi

ments have shown the virus entity to affect trees of the Lord
Lambourne and Jonathan varieties.

The Lord Lambourne variety
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has been used as an indicator host for the presence of the chat
fruit virus.

In the clonal rootstock beds at Long Ashton,

England the M.IV clone was found to be 22 per cent infected,
the M.XVI and M.XII clones showed 6 and b per cent infection
respectively, while the M.I, M.II, M.VII and M.IX clones- were
free of the disorder

(7b),

Geographical Distribution:
(8), United States
Varieties:

England

(75), Switzerland

(96).
Lord Lambourne, Robert Grieve, Jonathan,

Turley, Golden Delicious,
Name:

Apple Dwarf Fruit and Decline Virus
and Gibson 1952

Disease Name:
S ymptoms:

Cation

Dwarf Fruit and Decline

Infected fruits of the Jonathan variety

retain their normal shape but are reduced in size.

The fruit

of the Hyslop Crab is dwarfed and deeply lobed or prominently
five ribbed longitudinally.

The calyx end is characteristic

ally oblate with a very shallow basin.

The tree declines

(i.e. urobably a slow wilting with dieback) until it becomes
dead or worthless cat the end of 5 or 6 years
Dis cu ss io n :

(29)#

The expression of this disorder origin

ated when the apple variety Jonathan was grafted on to Hyslop
Crab where this latter plant was apparently being used as an
interpiece.

It is suggested that the virus was located in

the Jonathan scions and when transmitted to the Hyslop Crab
by grafting caused the decline.
The reduction in Jonathan fruit size may be explained
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by the interference in movement of the nutrient supply to the
variety by the decline effects of the virus in the Hyslop Crab
through which the nutrients m u s t ‘come.

Another possible expla

nation is the presence of an unknown latent virus in the Hyslop
Crab interacting with the virus in the Jonathan and causing
size reduction in both varieties.
The decline symptom on Hyslop Crab is not so severe
when- the inoculum is from an infected Ilyslop Crab as when it
is from the infected Jonathan although the fruit symptoms
aro the same.
Geographical Distribution:
Varieties:
Name:

Jonathan, Hyslop Crab.

Apple Scar Skin Virus

Disease Name:
Symptoms:

Michigan (29)»

Hillikan and Martin 19 55

Scar skin (probably synonymous with
rough skin of van Katwijk)

Apple scar skin causes a corky scarring on

the fruit skin in linear patterns or patches extending from
the stem to the apex.

Patches may be small and irregular,

coalesced or affecting the whole of one side.

Star-shaped

radial scarring generally spreads from the apex but occasion
ally from the stem end.
is considerably retarded.
present.

Fruit size is reduced, and ripening
Apparently no foliage symptoms are

Transmission of the causal agent of this disorder

has not been reported (S^f, 86).
Discussion:

Further study of the developmental

sequence of apple scar skin shov,red that the disorder starts
in fruits 1/2 inch in diameter with light, water-soaked blem
ishes radiating from the calyx end.

Scar tissue begins to
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develop on these water-soaked areas when the fruit is 3Ainch in diameter, and irregular patches of scar tissue become
present on the fruit when it is 1 inch or over,

By harvest

time the scar tissue may cover 50 per cent of the fruit surface.
This disease resembles apple rough skin, described by
van Katwijk (67), and the apple ring spot, described by
Atkinson, Chamberlain and Hunter (I1*).

There is little if

any difference to be noted between the descriptions for the
disorders caused by apple scar skin virus and apple rough skin
virus.

The same type of disorder occurs in apple ring spot

with the exception that circular radiating concentric patterns
of corky tissue occur on the skin of fruit affected with apple
ring spot.

These concentric patterns occur in a rather low

percentage of affected fruits*

Except for them the descrip

tions of the disorders would be practically the same.
It has been suggested that there is a similarity
between the disorder caused by the apple star cracking virus
and scar skin and rou^h skin symptoms.

However, there seems

to be a lack of association between these 2 types of disorders.
The star-shaped markings of scar skin are composed of corky
periderm which radiates from either the stem end or the calyx
end.
fruit.

Scar skin apparently does not form actual cracks in the
The star cracking disorder is typified by actual star

shaped cracks extending into the flesh of the apple, and depth
of penetration apparently is determined by the size of the
crack.

Also, in the description of star cracking there is no

russetting mentioned.

No russetting is discernible in the
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photographs.

This tenets to indicate that these two types of

disorders are caused by somewhat separate entities.
This disorder occurs in the Delicious apple variety
when a Virginia Crab interpiece is used, thus further associ
ating the Virginia Crab with virus disorders of apple trees.
Geographical Distribution:
Varieties:

Missouri (81*).

Delicious with an interpiece of Virginia

Crab.
IIa m e ;

Apple Rough Skin Virus
(Pyrus virus 8 (Smith)

Disease N a m e ;
Symptoms:

van Katvijk 1955
van Katwijk)

Rough Skin (Probably identical with
Scar Skin of Millikan and Martin)

Apple rough skin virus causes rough, corky

brown patches to develop on both the green and colored parts
of the apple fruit skin.

The smaller patches have a circular

shape or may appear in the form of rings or elongated stripes.
Band-shaped corky areas may extend from the calyx to the point
of pedicel attachment and may be accompanied by rings and lines
or by 'isolated corky spots.
a largo
In

Severely affected fruits may have

part of the fruit surface covered with russetting.

some cases the rough brown patches

are cracked, and the

fruits may show a slight deformation due to local growth retar
dation.

The rough skin symptoms can be found soon after the

first development of the fruit.

The cork is formed on the sur

face after the death of the epidermal cells.

A local vein-

clearing has been observed on the terminal leaves of the shoots
of some varieties.

Fruit size is reduced.

Transmission of

the virus entity was not mentioned (^1, 6 7 , 72, 92).
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Di scussion:

The disorder caused by the apple rough

skin virus causes considerable losses in the Netherlands
92).

(67,

Because of the markings and the reduction in the size of

the fruit all affected apples are either discarded or are sold
in the lowest commercial grade.
The resemblance between apple scar skin, apple rough
skin, and apple ring spot has been mentioned under the discus
sion of apple scar skin virus.

Apple rough skin does not

resemble the disorder caused by the green crinkle virus.
Geographical Distribution:

Denmark (70), France

(68),

Germany (2*0 , Holland (92), Switzerland (*+1), Union of South
Africa

(72), United States
V ar ie ti e s:

(96).

Beauty of Boskoop, Glory of Holland,

Gravenstein, Golden Delicious, Jonathan, L ax t o n ’s Superb,
Notaris, Reinette de Champagne,

Ontario, Glockenapfel, Baldwin,

Canada Pippin, C lo c k e , Henimuri.
Name:

Apple Ring Spot Virus
and Hunter 195*+

Disease N a m e :
Symptoms:

Atkinson, Chamberlain

Apple Ring Snot, Henderson Spot,
Thumbmark

In mature fruits the symptoms appear as

patches of russetted tissue edged with a smooth dark brown
band, and occasionally as partial or complete concentric dark
brown rings.
or coalesced.

The patches may be large or small, individual
The rough russetted areas may extend from the

point of stem attachment to the calyx.

The concentric rings

are much like a target, its size dependent on the number of
rings.

They may abut one another but apparently do not over-
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lap,

Apple ring spot symptoms may vary in intensity fro m year

to year.

The apple ring spot virus has been transmitted

(5,.

A).
D is c u s s i o n :

The first signs of the disease appear in

the early part of the season when the apple is about 3 cm or
1 lA- inches in diameter.

Faint, light brown areas show

through the downy covering in these small fruits.

These

markings develop into irregular shaped patches of varying
shades of brown, with a rough russetted surface and a scaly
margin.

Shortly before harvest a narrow land of smooth, dark

brown tissue forms around the margin of many spots, and these
markings are considered to be a diagnostic feature.

Some

development of these marginal tissues has been noted after
harvest.

The disorder has been transmitted only in the Granny

Smith variety.

Similar spots on other varieties have been

noted.
Th6 disorder caused by the apple ring spot virus
resembles very closely the other disorders of rough skin, and
scar skin (see Apple Scar Skin Virus).

All of these disorders

are typified by a russetting of the epidermis in which a corky
periderm is formed.
Geographical Distribution:
Varieties:

New Zealand (5, A ) ,

Granny Smith, Cox's Orange Pippin,

Delicious, Sturmer.
Name:

Apple Star Cracking Virus
Storey 1 9 55

Jenkins and

Disease Name: Star Cracking of Apples
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Symptoms:

The mature fruits show very characteristic

star-shaped cracks which tend to he concentrated at the calyx
end of the fruit.

Star cracks which occur on the sides of

the fruits are considerably larger and deeper than those which
occur near the calyx end.

The star cracks may be small or

large, individual or coalesced.
are distorted.

More severely affected fruits

Dieback of terminal shoots during the winter

is another symptom which appears.

Cankers form along the dead

portion of the shoot, girdling and killing the terminal portion.
Associated with this dieback is the production of buds which
apparently arise adventitiously.

The shoots which develop

give an unusual proliferate type of growth.

Lesions are present

on 1-year-old stems and may persist for several years
Discussion:

(1*+, 6 3 ).

The star cracks which appear on the surface

of the fruits are apparently not associated with any type of
russetting or corkiness.

It has been explained that the lesions

'■'■n the young stems start as blister-like formations and develop
around the buds and nodes.

These affected areas are sharply

d e l i n e a t e d , and the blistered bark dissapnears in time.

The

ornamental plant, B e c h t e l ’s Flowering Crab, has a bark and
canker symptom very similar to that described for apple star
cracking.

To the w r i t e r ’s knowledge, this disorder has not been

described or reported in the literature on this variety*
The lack of extensive russetting,

the presence of die

back on the vigorous terminal shoots, and the lesions on the
stems distinguish this disorder from scar skin, rough bark and
apple ring spot.

An attempt to associate this disorder with
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the 3 fruit-russetting types of disorders has been made through
the occurrence of the cracks, but the star-crackings are distincitively shaped whereas those with the ether disorders have
no regular shape.
It is thought that there might be some association
between the star cracking and w i t c h ’s broom disorders since
there is a proliferation of branches in both diseases.

However,

the dieback which occurs in the witch's broom tyre of disorder
takes place so that the terminal portion of the shoot dies by
the end of the summer.

In star cracking the cankers are

formed and death of the shoot takes place during the winter.
Also, no fruit symptoms were considered to be worthy of note
in the witch's broom disease.

The lack of enlarged stipules

in star cracking also separates these two disorders.

There

seem to be too many disputable points for a very close rela
tionship between star cracking and witch's broom.
Geographical Distribution:
Varieties:

England

(63 ), Norway (105).

Cox's Orange Pippin, Early Victoria,

Charles Ross, Laxton's Fortune, Monarch, Urnmley.
Name:

Dapple Apple Virus

Disease N a m e :
Symptoms:
to the fruit.

Smith, Barrat and Rich 1956

Dapple apple

The symptoms of dapple apple are restricted

At maturity more or less circular patches of

the skin remain greenish and interrupt the natural coloration
of the fruit.

These patches may appear at any place on the

surface but tend to concentrate near the calyx end.

They may

occur individually, but often coalesce to form a larger dis

bO
colored area.

The surface area involved by these patches is

slightly flattened, giving the mature fruit a slightly pebbled
appearance.

The bloom over these areas is reduced.

size is normal.

Fruit

The virus entity causing the disorder has

been transmitted to the varieties Cortland, McIntosh, Starklng
Delicious and Golden Delicious (120).
Discussion:

The dapple apple virus causes symptoms

to appear on the fruits of affected trees every year, but
not always with the same intensity.

Some years the discolored

spots are quite evident several weeks before harvest, while
in other years they are less pronounced and, at times, may be
lacking.

Generally all the fruit on a tree is affected.
The first sign of the disorder is in mid-July when

small circular spots are distinguishable from the yellowishgreen color of the skin.

These spots enlarge as the fruit

matures and do not develop a normal amount of red pigmentation.
The spots become more intense the longer the apples are left
on the tree.

This is due to the greater development and darken

ing of the red color in normal areas.

The greenish color of

the dappled areas fades to yellow in storage (15, 120),
The disorder is manifested when the Cortland variety
is topworked to Virginia Crab interpieces.

In several

instances the wood pitting disorder of the Virginia Crab occurs
on the same trees as dapple apple but there is evidence that
these two disorders occur independently of each other. Addi✓
tional information concerning the dapple apple disorder will
be treated under Materials and Methods,

hi
Geographical Distribution;
Massachusetts

New Hampshire (120),

(109), Missouri (?) (96).

Varieties:

Cortland, McIntosh, Starking Delicious,

Golden Delicious, Turley (?), Virginia Crab.
Name:

Apple Green Mottle Virus

Disease N a m e ;
Symptoms:

Palmiter and Parker 1955

Green Mottle

Discolored rings cover the surface of affec

ted fruits, apparently causing a green mottling type of pattern.
No further description or photographs are available in the
literature

(93)•

Discussion:

This disease is of relatively minor

importance in New York.
variety.

It has been transmitted to the Duchess

It is apparently rather slow moving in the tree and

into the fruits.

This disorder may be similar to dapple apple.

Geographical Distribution:
Varieties:

New York (93)•

Duchess of Oldenburg.

SECTION III
MATERIALS AND METHODS
1,

Experimental Basis of Orchard

In an effort to counteract injury and death to apple
trees clue to winter injury, a study was undertaken by
Dr. V/. 17. Smith, Horticulturist, i.ew Hampshire Agricultural
Experiment Station, at Gilford, hew Hampshire, to determine
the desiraDiiity of using oociystocks in areas of the framework
of the trees which are most susceptible to winter injury (IT8)*
The severe winter of 1933-31* indicated that the areas of the
trees most susceptible to injury were the trunks and crotches
of the major branches.

McIntosh, in particular, although con

sidered to be rather hardy, showed considerable injury to the
trunks, while many Baldwin trees were killed,
Other investigators (106, 12*+) showed that the greater
part of the injury was caused by killing a portion of the cam
bium or injuring it in such a manner that it failed to differen
tiate,

This type of injury, known as "frost rings", prevents

the tree from developing properly in the injured areas.

Other

symptoms of freezing injury are bark splitting and peeling which
result in exposing the wood of the tree at the cambial area.
These areas dry out, and the cambium is killed.

If left unat

tended the affected areas remain exposed throughout the life of
the tree offering avenues for fungal and bacterial agents of dis
ease.

Injury of this nature to the tree causes considerable

*+3
retardation in growth, wealmesses at the site of injury and
misshapen form.
The purpose of incorporating a bodystock between the
roots and the varietal limbs is to reduce the prospect of
winter injury to a minimum.

Of the several hardy stocks avail

able the most commonly used is the selection Virginia Crab.
Another variety selected for comparison was the Florence Crab
which had proven its winter hardiness in Forth Dakota.

The

Virginia Crab has been used extensively in the Midwest as on
understock as well as an interpiece.

In addition, seedling

roots and Mailing IV rootstock were used for comparison.

The

varieties used were McIntosh (Rogers strain, J-2 and B. F. 22*+,
U.N.H, selections), Northern Spy (B. F. 52, a U.N.H. selection),
Red Spy

(Farley strain) and Cortland.
The source of these varieties \>rarrants some considera

tion.

The Rogers strain of Mclnotsh and the Farley strain of

Red Spy were purchased from nurseries and were on seedling
roots.

The varieties McIntosh, Northern Spy and Cortland were

propagated on M.IV and seedlings on the farm near the orchard.
Two trees, J-2 and B. F. 2M+, at the University of New
Hampshire orchard, were used as scionwood sources for the
McIntosh variety.

One tree, B. F. 52, was used as the scionwood

source for the Northern Spy, and one tree, also in the Univer
sity orchard was used as a scionwood source for the variety
Cortland.

At the time of planting, those varieties on seed

ling roots and M.IV had either been purchased from a nursery
or had been propagated at the farm.
The Virginia Crab and Florence Crab trees were pur-

chased as 2-year-old stock and planted in the orchard.

These

plants, once established, were whip-grafted on the scaffold
limbs to the varieties McIntosh (J-2 and B. F. 22*+), Northern
Spy (B. F. 52) and Cortland (from 1 tree).

Since the disorders

under discussion in this study are concerned with the variety
Cortland, an important point is that the scionwood for this
variety came from

1. tree.

The general method for the propagation of fruit trees
should lie mentnoned•

Apple fruit trees arc started from the

seeds of the apple, which upon plant in." "orminate and develop
into seedlings.

Toward the end of the .growing y e a r , but while

each seedling is still actively growing, a bud from a selected
variety, such as Cortland, is cut out of the stem from a branch
of the present year's growth.

A. T-slit is made in the bark of

the seedling and the bud inserted into this slit so that the
2 cambial areas are flush against each other.

The slit is

usually made near the soil line or near the crown on the aerial
portion of the seedling.

This bud is tied or wrapped securely

to the seedling., and in time, usually a matter of 2 weeks or
so, callus tissue forms from the inserted bud and from the seed
ling.

These unite and form a firm attachment between the bud

and the seedling.

In the spring of the.following year the

aerial portion of the seedling above the bud is cut off, and
and this forces the bud to grow.

The whole root system which

previously fed the aerial portion of the seedling now feeds
only the bud; because of this large food supply the shoot from
the bud grows rapidly.

At the end of this season the varietal
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shoot on the seedling root has crown several feet, an! the tree
is ready for transplanting into an orchard.
In some instances the seedling may have some select
qualities

such as wooly aphis resistance,

straight grovrth, cold hardiness,

good root system,

or vigorous growth.

It may

be desired to continue this particular plant so that an orchard
of trees would be more uniform and have the select qualities
in the root which it has d e m o n s t r a t e d .

In such cases the seed

ling is then clonnlly '••royngated , usually by l a y e r i n g , rooting
of cuttinys

( 76 ) or in the manner closer ib"d a b o v e .

both

Virginia Grab and Florence Crab are propagated by the budding
method, and rooting of the bodystock Is promoted by deep
planting.
Budding and grafting have been mentioned, and It should
be pointed out that they differ in a few respects.

Budding is

usually limited to periods when the plant is in a stage of
active growth so that the bud may be easily slipped into the
T-sl.it in the bark; graft:? ng ? s usually done when the plant is
dormant.

It i;; p o s s i b l e , h o w e v e r , to do either one at any

time by proper manipulation.

Budding involves

the use of 1

bud plus a short piece of the stem as it is cut out of the
branch.

V graft is a section of the branch which may contain

2 , 3 or more buds per piece and contains considerably more
plant tissue than a bud.
When considering viruses this is important.

It is

known that in indexing for stone-fruit viruses the use of 3
or

buds is much more reliable than the use of 1 bud.

This

is due to the distribution of the virus within the plant from

k6
which the buds are taken.

Virus distribution is not always

uniform throughout its host, and the amount of plant tissue
involved in a hud is small.

A bud piece may not contain any

of a virus erratically distributed in a plant.

However, the

chances of missing a virus portion in a bud are not great.
A graft, on the other hand, involves a piece of branch which
may bo several Inches long and stands a much greater chance
of having the virus present in the portion of the plant tissue
used.

In virus transmission or propagation, grafts are more

reliable than b u d s , and bubs are considered more reliable, per
unit, than any other method known.

The standard for virus

transmission, however, is with buds.
The experimental part of the orchard, see Figure 1,
was designed to include 10 rows with 30 trees in each row.
Each of the k groups of understocks was replicated 15 times
within the 10 rows.
row.

There were 6 plots of 5 trees each per

Nine of the 10 rows were designed so that

2

rows of

each variety wer e adjacent to each other, and the single rows
of each variety were not adjacent to a row of the same variety.
Red Spy and northern Spy were included in the same rows.

The

first row consisted of 10 trees of Cortland follov'ed by 10
trees of McIntosh and 10 trees of Red Spy,

The rootstocks of

this row were planned with the regular series across the
orchard.
During the years some of the trees died and were
replaced with other varieties and rootstocks not in sequence
with the original plan.
had been replaced.

By 1957, 71 of the 300 original trees
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Orchard Occurrence of Malus Stem fitting.

Despite

the fact that trees infected with the Malus stem pitting virus
have a roughened hark surface, this symptom alone is not suf
ficient to determine the presence of the disorder.

It is neces

sary to cut through the hark and to inspect the wood at the
surface of the x yl em in order to he certain whether or not the
pitting symptom is present.
This was done by selecting a portion of the trunk stock
either at the union of the variety and bodystock or at a rough
area on the trunk.

IJith the aid of a sharp "knife an inverted

Y-shaped cut was made.

The sides of the V were cut about 2 to

b inches long and the hark pried away from the wood at the
apex.

By bending the flap hack one was able to see the verti

cal surface of the xylem at the cambial area as well as the
inner phloem.

Pitting was readily seen when present.

After

inspection the apex of the bark was fitted back into the cre
vice and the flap nailed to the tree.
In the experimental block all Virginia Grab and Florence
Crab bodystocks were examined in the sprinr< of 1°57 as described
above, to determine the presence of pitting.

Trunks displaying

a rough bark condition plus many other trees of all stocks were
examined to determine the presence of pitting.

ITo pitting

was ever seen in M.tV or seedling roots.
In addition all Virginia and Florence Crab trees out
side of the experimental block at the head of the rows were
examined.

These trunk portions as well as those in the experi

mental block showed pitting.

A few trees of Virginia Crab

which had not been topworked were also present in the orchard *

b-9
These were inspected but showed no symptoms of pitting*
There were 71 trees in the experimental block in the
spring of 1956 with Virginia Crab bodystocks.

Forty-three

trees or 60*5 per cent were infected with the Malus stem pit
ting virus and expressed symptoms.

Forty trees remained of

the original 75 trees with Florence Crab as an interpiece, and

8 of these had symptoms of stem pitting.

Of the 5 Red River

Crabs present in the experimental block *-1
- showed stem pitting
symptoms.

In fact, all the top-worked Rod River Crabs in the

orchard showed infection and 1 (M-28 ) showed symptoms similar
to apple flat limb.

See Figure 2 for the occurrence and

distribution of the stem pitting disorder.
R*

Orchard Occurrence of Dapple Apple.

Dapnle apple

was first noted about 1951 when a few boxes of fruit showing
the symptoms were observed in the packing shed.

During the

following years some tree records were kept os the fruit was
picked, and several affected trees were located.

In 1955* a

At this time 11 affected trees were

general survey was made.

located in the experimental block and a few trees outside of
the block were also noted.

All trees except 2 were on Virginia

Crab bodystocks, and these 2 were replacement trees on Robusta
V bodystock.

The scionwood for these trees is suspected to

have come from an infected tree.

In addition all trees affected

were the Cortland variety except 3 McIntosh trees outside of
the experimental block.

Again, it is suspected that these trees

may have had some Cortland budwood grafted into them or that
they were originally Cortland trees grafted over to McIntosh,
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Figure 2, Experimental Orchard Indicating Variety, Bodystock
or Rootstock and Occurrence and Distribution of Virus-Like
Disorders, 1956 and 1957*
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In 1956 an additional survey was made, and more trees
were located.

In 1957 symptoms were not fully developed at

harvest, and the detection of infections even on previously
recorded Cortland trees was difficult.

Optimum growth condi

tions for symptom expression were apparently lacking during
1957.

Several records of new occurrences were made, but these

should be verified in succeeding years.
The presence of dapple apple virus infection is detect
able only on the fruit of the tree.

Inspections are best car

ried out at the time when fruits are mature for maximum symptom
expression.
During the course of the year Cortland trees which were
known to have expressed symptoms during previous years were
watched carefully for early symptoms.

The first indication of

dapple apple symptoms was noted about the middle of July on the
immature Cortland,fruits.

/It the same time other trees were

inspected for similar symptoms.

It was found that early symp

toms were quite variable from tree to tree.
In 1956 12 trees had symptoms of dapple apple in the
experimental block.

In addition to these, 10 trees had symp

toms in such meager proportions that they were to be checked
for symptom expression the following year.

In 1957, a poor

year for disease expression, 1*+ trees showed definite symptoms.
Two of these were new infections.
infections in 1956 w a s

None of the 10 questionable

noted as infected in 1957.

In the area

outside of the experimental block previously mentioned,
were infected in 1956 and 1957*

5 trees

See Figure 2 for the occurrence

and distribution of dapple apple infected trees.
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C.

Orchard Occurrence of Other Diseases N o t e d .

During

the course of taking notes on the Malus stem pitting and dapple
apple disorders, 3 other abnormalities were noted in the orchard
which x^ere virus-like in nature.
Two trees (K-^+l, 1-^2) which had been blown over in the
fall of 1956 were inspected, and the rootstock shoots exhibited
leaves with apple mosaic symptoms.

Upon inspecting the aerial

portion which was of the Northern Spy variety, very mild and
scarce symptoms of apple mosaic could bo found
<~>f the plant.

in the leaves

The rootstocks expressed the symptoms of apple

mosaic more clearly than the Northern Spy top.

It is believed

that the presence of the virus in the rootstock weakened it,
and, thus, the trees were more susceptible to separation at the
union of rootstock and variety.
Further occurrence of apple mosaic was seen in 1 or
2 trees

(F-12, F-lk) where the disorder was limited to a few

leaves in the center of the tree.

The variety in which this

occurred was again Northern S p y •

The symptoms were extremely

mild, but the markings were distinctly those of ap;le mosaic.
In this same row another seedling (F-27) was observed which
showed apple mosaic symptoms, but since the varietal portion
had been blown over and removed it was not available for
inspection.
These occurrences of apple mosaic in 2 widely separated
areas of the orchard indicate that the variety Northern Spy,
whose scionwood source was from 1 tree (B. F. 52), may be infec
ted with the mild strain of apple mosaic and that the symptoms
of this particular form are obscure.

Following the observation
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of the disease in 1 tree, several trees were inspected, but no
further symptoms of apple mosaic could be seen.

There is the

question of chance occurrence of seed transmission of the apple
mosaic virus, but there is no evidence that this virus is seed
transmitted.

Its ability to be seed transmitted has been ques

tioned by Posnette

(12),

It Is not uncommon, however, to over

look: the mild strain of apple mosaic in infected trees because
of the scarcity of its symptoms.

Due to time limitations no

further investigation of apnlc mosaic was made,
Another disorder "which may be a genetic variation was
the appearance of lobed fruit on 2 McIntosh trees

(I-I-ll, K-23),

This disorder occurs on 1 branch on H-23 on the east side of
the tree.

In tree 11-11 it occurs also on the east side of the

tree but is not limited to 1 branch.

The apples on the other

parts of the tree are more or less normal and do not exhibit
the accentuated 5 lobes that appear on the abnormal fruit,
Apple dwarf fruit and decline, described by Cation (29), is the
onl 3r disorder reviewed in the literature which resembles this
abnormality.

Since the 2 McIntosh trees were apparently in

good vigor in all other respects, and the fruit was not notice
ably dwarfed this probably was the result of some genetic
variation rather than a virus,
Virginia Crab apples on the tree J-30 show dapple apple
symptoms.

In addition to these symptoms, there is a severe

cracking on some of the fruits which follows the pattern of
running from the stem end to the calyx end.
restricted to the sides of the fruit.

The cracks may be

These cracks are lined

with a black, corky periderm and offer a sharp contrast to the

5^

reddish-yellow skin.

Russetting also occurs on numerous Vir

ginia Crab fruits on the same tree.

The russetted areas are

usually limited to the basin at the stem end and around the
calyx.

It may appear in conjunction with the cracks, the cracks

occurring within the borders of the russet.

These symptoms are

somewhat similar to the borders around the rough russet spots
of apple ring spot, and the cracking is similar to that of
apple rough skin and apple scar skin,
a tree (K-2b) with a McIntosh variety topworked on to
a Red River Crab bodystock showed Malus stem pitting symptoms.
In addition,

symptoms very similar to those of apple flat limb

were also present on the Red River Crab bodystock.
No mention has been made of the presence of the rubbery
wood virus disease of apples in the experimental orchard because
of the lack of familiarity with this disorder and the dependence
of symptom recognition on the qualitative measure of bending*
The writer has seen trees with the weeping habit and extreme
flexibility in the branches,

However, gradations of these

symptoms occur in different varieties and only experience with,
known infections can aid in determining the presence of the
disorder in other areas.

It is suspected, however, that rub

bery wood may be present in the experimental orchard in some of
the trees with rootstocks of the Mailing series and possibly on
other combinations.

The forms of some trees in the experimental

orchard closely resemble photographs of trees infected with the
rubbery wood virus.
this disorder.

No particular tests were made concerning
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Orchard Transmission Studies

Mature Trees.

It has been mentioned that dapple

apple symptoms occur on trees of the Cortland variety on
Virginia Crab bodystoclcs.

In some cases the Virginia Crab

bodystocks showed stem pitting, and others did not.

At the

time of inoculation in the spring of 1956 , it was thought with
the meager information available, that it would be better to
include the Malus stem pitting virus in the inoculation series
rather than to duplicate inoculations with other material and,
thus, to use additional trees in the transmission studios.
The tree J-30 was selected because it showed severe symptoms
of the Malus stem pittin~ virus on the Virginia Crab bodystock as well as clear cut symptoms of the dapple apple virus
on the Cortland variety.

Later it was observed that the

Virginia Crab apples also showed symptoms of dapple apple.
Pone of the trees inoculated had ever shown symptoms of dapple
apple.

Some trees with. Virginia Crab bodystocks which had

net shown symr toms of the Malus stem pitting virus were
inoculated.
Furthermore, at the time the symptoms of dapple apple
were first observed, there was some discussion as to the effect
of the rootstock and its ability to carry and transmit the dis
order to the variety.

J- 3 0 , because of its stunted growth and

restricted stempiece, had sent forth many root suckers from
which buds could be taken to be used as inoculum.

The Virginia

Crab bodystock in J-30 had been permitted to grow, and several
limbs were available from which to take inoculating material.
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The varietal portion of the tree, Cortland, had several limbs
from which inoculating material wos available.

Thus, the source

of inoculating buds was the tree J-30 with buds taken from the
Cortland variety, Virginia Crab bodystock and seedling shoots.
Because of the restricted occurrence of dapple apple in the
orchard on the variety Cortland and because McIntosh had shown
symptoms of dapple apple these two varieties were chosen for
the experiment.
Florence C'rrb,

In addition, the four rootstocks Virginia Crab,
".IV and soodlin~s were chosen to see if they

imparted any modification to tie virus entity 'which c o u l be
detected by symptom express 'on.

"'he effect of the stem pitting

virus on these rootstocks and bodystocks was also to be observed,
The method of inoculation was by budding,
mon method of inoculating trees.

the most com

Two limbs, one on the south

side and one on the north side of the tree, were chosen for
inoculating-bud placement, and 3 or k buds were placed on each
limb.

Each tree was inoculated with buds from only 1 source

of J - 3 0 r o o t s t o c k , Virginia Crab bodystock or Cortland variety.
The iniitial inoculation was done in the sprint of in 56 •

Since

symptoms did not develop on any of the trees inoculated and
since some of the buds on each of the trees had died, all trees
were reinoculated by buds in the fall from the same source and
in the same manner.

To insure that the virus would be intro

duced into the trees, 2 grafts of at least 3 or U- buds were
placed in close proximity to each of the 2 limbs used for bu d 
ding.

This grafting was done in the spring of 1957*

inoculations of these trees were made.

bo further

A total of 20 trees, all
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approximately 15 years old, were used for this experiment
The plan of inoculation was as follows:
Inoculum
Source

Tree
Number

Variety

Type of Tree
Bodystock

Root

J-30 Cortland
variety

E-7

Cortland on Virginia Crab on seedling
root

Same

E-9

Same

Same

E-ll

Same

Same

E-12

Cortland on Florence Crab on seedling
root

Same

E-22

Cortland on seedling root

Same

E-17

Cortland on M.IV rootstock

Same

n

U-/

McIntosh on Virginia Crab on seedling
root

Same

11-12

McIntosh on seedling root

J-30 Virginia
Crab Bodystock

J-9

■Cortland on Virginia Crab on seedling
root

Sane

E-13

Cortland on Florence Crab on seedling
root

S n me

E-2U-

Cortland on seedling root

E-l

Cortland on M.IV rootstock

Same

C r-°

McIntosh on Virginia Crab on seedling
root

Same

H-]>

Mclntosh on seedlino root

J-30 Seedling
Shoot

J-27

Cortland on Virginia Crab
root

on seedling

Same

E-l1*

Cortland on Florence Crab
root

on seedling

Same

E-26

Cortland on seedling root

Same

E-20

Cortland on M.IV rootstock

n
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Tree
Humber

Inoculum
Source

Variety

Type of Tree
bodystock

Root

Same

G-ll

McIntosh on Virginia Crab on seedling
root

Same

H-l6

McIntosh on .seedling root.

In addition to the above trees, the following trees were inocu
lated with 10 buds from the J-30 Cortland variety in the spring
of 1956.

These buds were scattered over the tree at shoulder

height rather than concentrated on any particular branches.
buds were placed on these trees in the fall of 1956 *

Ho

In the

srrinr- of 1°57 3 grafts from the same source were placed in
these trees on random branches.
Tree
Number

Inoculum
Source

Variety

Type of Tree
Bodystock

Root

J-30 Cortland
Variety

R-15

McIntosh on M.VII rootstock

Same

S-15

Macoun on M.IV rootstock

Same

T-15

Starking Delicious on M.I rootstock

Same

U-15

Golden Delicious on M.IV rootstock

Same

P-lb

Baldwin on M.I rootstock,

B,

Immature Trees,

This portion of the field studies

is of lonr duration because fruit symptoms are required.

Nor

mally an apple tree bears no fruit before it is ^ or 5 years
old.

This period may be shortened by girdling the trunks of

the yoimg trees, by inverting a strip of bark on the trunk or
even by tying knots in the stems of young shoots (11*+),

In

order to encourage fruiting as early as possible the trees used
in this experiment were girdled.

This was accomplished by

making a circumferential cut in the trunk of the trees with the
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edge of a dull la life in June, 1957, the recommended time for
such girdling.
Fruit symptoms are required for the determination of
dapple apple virus infection.

It is "believed by the writer

that the cause of dapple apple is not the action of 1 virus
but the action of 2 virus entities which are individually
latent within the host when by themselves.

When they occur

together in the same host dapple apple symptoms are expressed.
One component of the virus complex is Delieved to be present
in the Cortland variety while the other component is believed
to be present in the Virginia Crab bodystock.

The explanation

for this theory will be found in the Discussion and Conclusions.
In order to find out if the virus entity is composed of the
action of more than 1 virus the following experiment was under
taken.
The Cortland tree 1-12 was chosen as the varietal car
rier of the component suspected of being present in the Cort
land variety.

This tree was chosen because it was on a seed

ling root, produced fruit without dapple apple symptoms and
had thrifty growth.
The other component is suspected of being in the
Virginia Crab.
symptoms.

It is known only in trees with dapple apple

There is no known way to separate it from the Cort

land component.

Therefore, a search had to be made in other

Virginia Crab trees which were not topworked to Cortland.

The

other available varieties were Northern Spy and McIntosh both
of which were grafted to Virginia Crab.

Several trees were
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chosen which contained Virginia Crab interpiecos and were selec
ted with the intention of avoiding the Malus stem pitting virus,
although it probably was not avoided in all cases.
The experiment was designed to include representatives
of the 3 elements of J-30: J-5 which shows dapple apple with
out the stem pitting virus; D-19 which shows the symptoms of
the Malus stem pitting virus but no dapnle apple; 1-12 which
has the Cortland component but none of the others.

Check trees

were also included.
One hundred and twentg trees on seedin'nw roots, 60
Cortland and 60 McIntosh, were purchased from the Kelley
Brothers Ilursery.

In the spring of 1°57 30 trees of each variety

were planted in available orchard space in Gilford, N.H., and

30 trees of each variety were planted at the lower end of the
Plant Pathology orchard at the University of New Hampshire in
Durham.
These trees were grafted in the spring of 1957.

Ho

fruit was observed in the fall of 1957 on any. of the crafted
trees.

Outlines of the plantings showing tree number, variety

and source of inoculum are on the following pages.

61

Table 1.

Nursery Stock Planting at Gilford, New Hampshire, 1957#

Tree Number

*
J1p
**>
It
rr
/
o
r~T
{
o
o
s'
10
11
12
1a
15
16
17
18
19
20
21
22
23
p)
op
26
27
28

Row 1
Variety

Cortland
Cortland
Cortland
Cortland
Cortland
Cortland
Cortland
Cortland
Cortland
Cortland
Cortland
Cortland
Cortland
Cortland
Cortland
Cortland
Cortland
Cortland
Cortland
Cortland
Cortland
Cortland
Cortland
Cor tier/1
Cortland
Cortland
Cortland
Cortland

(Continued on page 62)

Inoculum

1-12 and. G-31
1-12 and G-30
1-12 and 0-29
1-1? and G-28
1-12 and G-27
1-12 and N-17
1-12 and "'—1 *7
1-12 an^ i-C'
1-12
1-12
1-12
check
check
check
check
check
J-5 Dapple A.pple
J-5 Dapple Apple
J-5 Dapple Apple
J-5 Dapple Apple
J-30 Seedling
J-30 Seedling
J-30 Virginia Crab
J-30 V5r "inia Crab
J-30 Vir ginia Crab
J-30 Cortland var.
J-30 Cortland v a r .
J-30 Cortland var.
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(Table 1. continued)
Row 2
Tree Humber

Variety

1
2
3
b
5
6
7
p

McIntosh
McIntosh
Me Intosh
McIntosh
McIntosh
McIntosh
McIntosh
'icIntosh
Me Intosh
McIntosh
'IcIntosh
McIntosh
McIntosh
McIntosh
McIntosh
McIntosh
McIntosh
McIntosh
McIntosh
McIntosh
McIntosh
McIntosh
McIntosh
McIntosh
McIntosh
McIntosh
McIntosh
McIntosh
McIntosh
Me Iiitosh
Cortland
Cortland

o.
10
11
12
13
11*
15
16
17
18
19
20
21
22
23
2b
25
26
27
28
29
30
31
32

Inoculum

1-12 and G-31
1-12 and G-30
1-12 and G-29
1-12 and G-28
1-12 and G-27
1-12 and H -17
1-12 and K -17
1-12 and. I-H
1-12
1-12
1-12
check
check
check
check
check
J-5 Dapple Apple
J-5 Dapple Apple
J-5 Dapple Apple
J-30 Seedling
J -30 Seedling
J-30 Seedling
J-30 Virginia Crab
J-30 Virginia Crab
J-30 Virginia Crab
J-30 Cortland var.
J-30 Cortland var.
J-30 Cortland var.
J-30 Cortland var.
J-30 Cortland var.
J-30 Cortland var.
J-30 Cortland var.
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Table 2.

burscry Stock Plantinf at Durham, lev; Hampshire, 1957*

Row 1
Tree Number

Variety

1
2
3
h
7
6
n!
8
n
ia
11
12
13
11-

McIntosh
McIntosh
McIntosh
McIntosh
Me Intosh
McIntosh
\'cIntosh
Me Intosh
McIntosh
Iiclnto sh
McIntosh
McIntosh:
McIntosh
McIntosh
McIntosh
McIntosh
McIntosh
McIntosh
McIntosh

i ^
—

16
17
18
19

Inoculum

J-30
J-30
D-1Q
D-19
J-5
J-5
1-19
1-12
1-12
1-12
1-12
1-19
1-12
1-12
I-] 2
1-12
1-12
1-12
1-12

Va. C.
Va. n
and
nrM
ain';
and
a nd
and
a nd
and
and
and
and
and
and

J,— o PL-6
L-10
T
J.J_ oi..o;

—6
N-3
F-21
M-21
L-7
M-Jf
K-21
L-h
L-5

Row 2
1
2
3
L_
r—
S

o

n

/
o
Oy
10
11
12
13
1*+
15
16
17
18
19
2.0
(j

Cortland
Cortland
Cortland
Cortland
Cortland
Cortland
Cortland
Cortland
Cortland
Cortland
Cortland
Cortland
McIntosh
McIntosh
McIntosh
Me Intosh
McIntosh
McIntosh
McIntosh
McIntosh

(Continued on page 6lO

J-30 Cortland
J-30 Cortland
D-19 Vo. Co
D -!n Va. C.
j-d
J-5
check
check
check
check
check
check
check
check
check
check
1-12
1-12 and M-5
1-12 and L-ll

(Table 2. continued)

Row 3
Tree Humber

Variety

1
2
P

Cortland
Cortland
Cortland
Cortland
Cortland
Cortland
Cortland
Cortland
Cortland
Cortland
Cortland
Cortland
Cortland
Cortland
Cortland
Cortland
Cortland
Cortland

h

2
6
n
(
l-

o
1
_u0
11
12
13
ll
1?

16
17

18

Inoculum

1-12
1-12
1-12
1-12
1-12
1-12
1-12
1-12
1-12
I-I 0
1-12
1-12
1-12
1-12
1-12
1-12

and
and
and
and
and
nnd
Cl31(1
ono
and
nv|r]
and
and
nnd
and
and

L-28
L-6
L-10
L-20
i:-6
L-3
F-21
'r_p i
L-7
:-b
H-21
L-b
L-5
L-ll
R-5
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Greenhouse Studies

Kon-Rosaceous P l a n t s .

Rawden states "No virus that

infects rosaceous plants has yet been transmitted by sapinoculation"

(17).

Essentially this is true*

The exception

so far has been made by Yarwood who transmitted a virus which
causes apple mosaic symptoms in apple;

this virus is considered

to be different from the true apple mosaic virus which has not
yet been transmitted mechanically
mosaic virus),

(see literature review, apple

'"ilborn reported that Vie was able to obta in a

local lesion type of reaction to cucumber and bean from the
Nnlus stern pit tiny virus *

however, Ire was not able to d u p l i 

cate these reactions with other

sources

(56, 58),

In an effort

to obtain an indexing host for apple viruses several hosts were
tried for mechanical inoculations via the Yarwood method

(131)*

Little if any information is available in the literature other
than the above concerning mechanical transmission of apple
virus diseases.
Irepar ation of Plant ha t e r i a l .

Seeds were usually

started in a wooden flat fid.led wi th s a n d .
scattered over the moistened
thin layer of sand,
“

V

The seeds were

sand and then covered with another

1 niece of naper was then nlaced over the
-

..

J

sand to prevent disturbing when watering and to prevent d r y 
ing out.

Small holes were punctured in the paper with a pencil

point to let the water through.
the greenhouse and watered daily,

The flat was

then placed in

After the seeds had g ermi

nated and had grown to an inch or so in height they were trans
planted to 2- 3- or If- inch clay flowerpots depending on the
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size of the seedlings and permitted to grow until ready for
inoculation.

In some instances the seed was planted directly

in flowerpots and the plants -permitted to develop.
In some instances only the cotyledons or only the leaves
were used, particularly on older plants.

The cotyledons or

leaves were then lightly dusted with a fine (600 mesh) grade
of carborundum by using a DeVilbiss atomizer with the nozzle
tip removed.

The plant was then ready for inoculation.

The followin'-- technique described by Yarwood was used
with slight nod- if teat ion«
Leaf Tissue.

A leaf from an apple or other plant being

used as an inoculum was folded

3 or b times and placed in a

pair of forceps so that one side of the leaf projected from
the base of the forceps.

The folds of the leaf were cut off

with a sharp razor, exposing several layers of cut surface.
The upper surface of the leaf blade v/as rubbed immediately with
the cut surface of the inoculum.

Sometimes the leaf tissue v/as

dlived in a 1 *0 nor eerY solution of
Frult Tissue.

iRi, Just before rubbing.

Fruit tissue was prepared by cutting a

wedge-shaped piece of flesh from the fruit with a sharp razor
and by rubbin" the leaf surface with the exposed flesh.
Stem Tissue.

Inoculum

shaving the baric av/ay from the
at the cambial area.

from stems v/as prepared by
stem and exposing the tissues

The stem portion v/as then rubbed on the

leaf surface.
In all sources of inoculum the tissue was repeatedly
cut during inoculating procedure to expose fresh tissue to the
surface of the leaf being inoculated.
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The plants were maintained in the greenhouse after
inoculation.
Most plants were prepared in the above manner.

In one

instance the plants were heated in a 1,0 per cent solution of
KpHPO^ at b-5° G for 60 seconds immediately before inoculation.
This was accomplished by heating the solution to the desired
temperature in a partially filled 1000 ml beaker.

The pot

containin'- the ’•lants was t}:on inverted and the plants ininersc/’ in the warmed solution,

ip.on removal the-

were dusted

immediately with carborundum, ana tbr> loaves were rubbed with
the inoculum.
Cueunis sativa

(Cucumber).

national Iickling Cucumber

seed was obtained from Associated Seed Growers, Hew Haven,
Connecticut.
above.

The plants were raised in the manner described

In this particular variety of cucumber a flecking of

the cotyledons and of the leaves as v/ell as some deformation
of these parts v/as ^resent.

The selection v/as not considered

to bo the *-ioct 'hnir'1‘'lo fr -’m this standpoint, but since it
has boon v/idcly used for th is ’-urposo it was ivh; changed •
Serios 1.

Young leaves or fruit from propagated trees

from the experimental orchard v/ero obtained and used in the
leaf inoculat3.cn procedure described above.
of h- plants each v/ere used.
lum were also maintained.
sources:

Generally,

5 pots

Four check plants for each inocu
The inoculum came from the following

J-30 Cortland1 leaves, J-30 Virginia Crab fruit, E-31

Cortland leaves, F-6 Virginia Crab leaves, L-M- Virginia Crab
1.
See Appendix B for tree variety, bodystock, rootstock and
disorder.
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leaves, G-31 Virginia Crab fruit, USDA. 227 leaves, Prunus
tomentosa/J-30 leaves, P. tomentosa/J-31 leaves, P. tomentosa/E-31 leaves, and checks which were rubbed with a pot
label.

The local lesion readings were made h and 10 days after

inoculation.

The systemic reaction readings were mode 30 days

after inoculation.

These plants were maintained for 8 weeks

after inoculation.
Scries 2.

The above experiment was repented.

plants wero innersed in hot water immediately
inoculation,

These

revious to

Roadin/’c waro *-'-’de !t- days after inoculation.

The plants were maintained for 20 days•
Series 3.*

Since some reactions to inoculations were

obtained in Series 2, cotyledons of those plants were used as
sources of inoculum 7 days after inoculation.

Five pots of

b plants each were used per inoculum and 5 check pots were
maintained,
days.

T.ocal lesion readings were taken after !i- and 6

The plants were maintained for If days.

Leaves of

fallowin'" cucumber ’louts were swircos •■'f inoculum.J
Cucumber/T. tonertosa/J-30 Cortland, leaves
Cucumber/h. tomentosa/J-31 Cortland, leaves
Cucumber/p. tomentosa/E-21 leaves
Cucumber/II3DA 227, leaves
Cucumber/J-30 Virginia Crab, fruit
Cucumber/G-31 Virginia Crab, fruit
Checks.
Ranhanus raphanistrum (Wild Radish).

Wild radish plants

were collected from a cultivated field and placed in 2 inch pots.
They were permitted to become established for a few days and
then inoculated by the modified Ynrwood method with leaf tissue,
after which at *+ and 8 day intervals they were read for a local
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lesion reaction.

Systemic reaction readings were taken 12 days

after inoculation.

These plants were maintained in the green

house for 30 days.

About 10 plants were used per source of

inoculum.

Leaves from the following plants were sources of

inoculum:

J-30 Virginia Crab^-, 1-12 Cortland, D-19 Virginia

Crab, G-31 Virginia Crab, J-9 Cortland, and checks which were
rubbed \d.th a pot label.
Datura stramonium (Jimson heed).
raised from seeds in the ••reer.house.
ted in the usual wanner.

These plants were

The plants were inocula

Local loaion r<v linns wore taken on

the kth and Cth dn'r and svstewie reaction readings on the
*

%

-0

20th day*
It is apparent that a disorder causing virus-like,
ring-spot type symptoms is visible in the leaves of this host
and is seed transmissible, but because there was some confusion
in determining true inoculation symptoms, its occurrence is
not officially recorded.

Seven plants were used per inoculum.

Vivo choc1
.: nlants wero maintained,
trees verm source:; of inoculum:

Loaves from the following

1-3^ Virginia Crab, 1-12

Cortland, D-19 Virginia Crab, G-31 Virginia Crab, J-5 Cortland,
and checks which were rubbed with a pot label,
Chr y san tliemum 1 eu c an the mum (V'hite Daisy).

Seedlings

from a weed belonging to the Compositae family growing in the
vicinity of the greenhouse were found to germinate readily in
some flats which had been outside.

These plants were trans-

1. See Appendix B for tree variety, bodystock, rootstock
and disorder.
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ferred to nets nod inoculated in the usual manner.
were used for each source of inoculum.

Five plants

Local lesion readings

were taken on the li-th, 8th, and 15th days.

Systemic reaction

readings were taken 30 days after inoculation.

Leaves from

the following trees were used as sources of inoculum: J-30
Virginia Crab, 1-12 Cortland, D-19 Virginia Crab, G-31 Virginia
Crab, J-5 Cortland, and checks which were rubbed with a pot
label.
0 own hr on a globes a (Globe amaranth).
in. T'otabo juvoxi/v
virus.

:

G . g I.ob o sa is used

det°r’:-lno the :toser.ee ~>f tbo ■
.^•tato X

Seeds were avnilrb le at the greenhouse .

I lants v/ere

roared, transferred to nets and inoculated by the Yarwood
method.

Ten plants per inoculum v/ere used.

also maintained in the greenhouse.
10th day after inoculation.

Ten chocks were

Readings were taken on the

The plants were held in the green

house for 30 days after inoculation.
Series 1.

The nlants v/ere inoculated with leaves from

the followin'" trees:

J -30 Virp Inia C r a b , 1-12 Cortland, D-19

Virginia Crab, G-31 Virfw.nia Crab, J-5 Cortla:^-’ , and check's
v/hich v/ere rubbed with a not label.
Series 2.

The nlants v/ere nropnred in the usual manner

Stem pieces were used instead of leaves,
used per inoculum.

Two or 3 plants v/ere

Leaves v/ere inoculated instead of cotyle

dons since these plants v/ere about a month old at the time of
inoculation.

Stem pieces with 1 exception were used as sources

of inoculum from the following trees:

J-30 seedling shoot,

J-30 Virginia Crab, J-30 Virginia Crab, leaves, J-30 Cortland,
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D-19 Virginia Crab, G-31 Virginia Crab, and checks which were
rubbed with a not label.
Series 3.*

H

thought that some reaction may have

been expressed in previous experiments with G. globosa using
leaves and stem pieces.
used as inoculum.

In this experiment fruit tissue was

The plants v/ere prepared in the usual manner.

Three plants //ere used per inoculum.

Local readings v/ere taken

on the 7th and 12th day -'fter inoculation.

Systemic reactions

failed to dove lor- after the °oth d a y .

Fruit tissue wa s used

from, angles iron the followirv- trees?

J-30 Cortland , J-9 Cort

land , 1-12, Cortland, JT-11 McIntosh, 7:-lfi McIntosh, G-lh
'[clntosh, and checks which wore rubbed with a not label,
Citrus aurantifolia

(hey Lime).

Descriptive names which

have been used for the ’Talus stem pitting disorder are "Tristeza"
by

s mith

and "quick decline" by Hilborn.

Tristeza or quick

decline is a virus disease of Citrus which has symptoms of stem
pitting.

It has been suggested that the virus entity causing

the stem pith inr' in each d isordor is o n e .and the sane thing.
The vlant, -'ey Lino, C. aurantif clia. is used as an
inde;-:inr‘ host for the Tristeza disorder.

The response to

inoculation with Tristeza infected buds is the development of
interveinnl flocks and clearing in the leaves k to 6 weeks
after inoculation.
Key Lime seedlings were obtained from Dr. F. 0. Holmes,
Rockefeller Institute for Medical Research, New York.

These

seedlings v/ere planted in 10 inch pots in the greenhouse, and
at the end of h weeks they v/ere established and actively growing.

Four plants were budded to cnch of the following sources of
inoculum:

D-19 Virginia Crab and Gravenstcin I.

All buds

remained alive in the rubber wraps for a period of at least 2
weeks*

The plants v/ere closely watched for 10 weeks.
Miscellaneous Hosts.

In addition to the above the

following plants v/ere also tried as possible hosts for mechanical

transmission of apple viruses.

pared in the usual manner«

They v/ere raised and pre

In general the usual inoculating

sources were used for a 11 ''Innis»

Thov wot© observed closely

and r c n ’iiro ’/ore ro^oi1’o" , "oner a"1ly •"it’a in 9 fays after
inoculation.

Fruit arm loaves wer o fr wn the foil owing trees:

J-30 Virginia Crab, 1 oaves: 1-12 Cortland fruit and 1oaves;
D-19 Virginia Crab, leaves; J-5 Cortland fruit and leaves; and
checks which v/ere rubbed with n pot label.

The hosts v/ere:

Sting nettle (Urtica s j O , Pigweed (Amaranthus retroflexus) ,
Leaf Mustard (Brassica .iuncea). Lamb’s Quarters

(Chenopodium

album) . Onion, variety Utah Valencia; Feppor, variety Merrimack
~'rior : Co"i r-rv , vart ct'* "9’or son 1asca 1.; Poets , v^r ict"' Detroit
Bar': Pod; Tomato, ynri et-'

orry ' o st ; r’oba cco, V/hitc Turloy

variety Judy Iride; A stor, vari'ty ..'urpeenna Early: air1 Carrot,
variety unknown,
B.
a.

Rosaceous H a n t s .
Non-Halus Group,

The plants used in this group

v/ere the alpine strawberry (Fragaria vesca) , black raspberry
seedlings (Rubus occidentalis), i'orean cherry (Primus tomentosa),
ninebark (Fhysocarnus opulifolius) , Cotoneaster multiflora,
red chokeberry (Aronia arbutifolia) , and peach seedlings (Prunus
persica).
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Fragaria vesca plants were available because they are
used extensively as an indexing host for strawberry virus
diseases at the University of New Hampshire.
It is 3mown that some viruses introduced into F. vesca
exhibit symptoms more readily and vigorously if the receptor
plants are infected with the strawberry latent virus A,
F. vesca

The

(hereafter called vesca) plants available for use were

infected with

the strawberry Intent virus A.

The method of inoculation ’./as patterned after that
adopted for ;iso

Ih ti.e strnvborry indexiri" method ureposed

by Uringhurst and Voth (26) •

Longevity of the excise;: leaf

from the donor plant was increased by lengthening the center
petiole cut of the receptor and placing the excised leaf nearer
the base of the reticle.

The leaf area of the vesca host and

the apple loaf was reduced by cutting off about 2/3 of each
leaf blade.
A ’pie leaves were obtained from the trees in the experi
mental orchard
ho'vio.
follows:

The

as well as from trees ;r 0-00 p.atod ha the rroen-

method

.-v - rcpnriiw the leaves for "raftin'" is as

individual loaves wore separated from the apple stem,

with care being tohen to leave as much of the retiole attached
to the leaf as possible.
cut with a sharp razor.

About 2/3 of the leaf blade was then
The cut was m a d e on 1 side of the

petiole by storting about 3A- of the way to the blade and draw
ing the razor in a slantwise direction toward the petiole base.
The angle of cut was such that it penetrated only to the center
of the petiole.

A similar cut was made on the other side of

the petiole, thus forming a long, tar.or inf wedge.
A different type of cut was nade on the vesca leaf.
The center leaflet of the three leaflets was removed, and the
other 2 leaves were reduced in area by cutting off about 2/3
of each leaf.

The petiole was split down the center with a

sharp razor blade starting at a point between the 2 remaining
leaflets.

This cut extended from the leaflets to about 3/^ of

the way down thm ' ctiole.
The ’etio 1 e-wedro of the n w l o
ted into the sol it vesca

oot.i o l e .

petiole were fitted along
Ctericrepo

leaf was carefully fit

ve sides of the vesca

the apple petiole and wrapped with

(a crepe rubber adherinw only to itself).

The wrap

started at the base of the vesca reticle cut and continued up
the petiole,
leaf exposed.

including the apule petiole, and leaving the apple
Two leaves v/ere grafted for each plant.

The

apple leaves remained green on the vesca petiole for more than
2 mo n t h s .
1”\c : l.onts //ere then >'laced in a plastic screen cage
and •'emitted to grow for 6 months.

The plants were watered

daily and fertilized about every 3 to ^ weeks.
v/ere used per inoculum source.

Four or 5 plants

Leaves from the following plants

v/ere used as sources of graft inoculum:

J-30 Virginia Crab,

1-12 Cortland, J-5 Cortland, D-19 Virginia Crab, G-31 Virginia
Crab, USDA. 227, propagated plant, leaf graft, Baldwin 2,
apple mosaic, from a branch brought in by a representative of
a chemical company.
Rubus occidentalis

(Black Raspberry).

Because black

raspberry is susceptible to many virus disorders in cultiva
tion, such a plant should offer some possibilities as an
indexing host for virus disorders within the Rosaceae.
Black raspberry seeds were obtained from Mr. E. M.
Meader, Associate Horticulturist, New Hampshire Agricultural
Experiment Station.

They were grown in the manner described.

VJhen the canes were large enough to bud, each of 5 or 6 plants
was inoculated with 1 or 2 buds from each of the sources of
inoculum.

Those "Innts were maintained in the rreenhouse for

a period of 5 months.

During this time they were cut back to

permit new growth and the development of possible evidence of
virus reaction.

Readings were taken 8 weeks after inoculation.

The bud-inoculum was taken from the following trees:
J-30 Virginia Crab, 1-12 Cortland, J-5 Cortland, D-19 Virginia
Cr a b .
Prunus tomentosa (Korean Cherry).
Series 1.

P. tomentosa, the Korean Cherry, has been

used as an indexin" host for stone fruit virus diseases

(110)•

Since some information concernin'- the use of this plant as an
indexing host is available in the literature, it seemed to be
a good starting point in the search for an indexing host for
apple virus diseases.

I_. tomentosa seeds were obtained from

F. W. Schumacher, Sandwich, Massachusetts, and a few seeds were
obtained from local plants in Durham..
These seeds were placed in a can containing moist sand
and stored for 90 days in a refrigerator at a temperature range
of 32° —

38° F.

The sand was moistened periodically.

After

n/
/

6

stratification the seeds were placed in a sand flat, as pre
viously described, and placed in the greenhouse for germina
tion.

As the seed germinated the plants were transferred to

^Hinch pots.
Originally 1fb pound of seed was purchased which con
tained several hundred seeds.

Germination was extremely low,

and only enough seedlings were available for preliminary index
ing trials.

Because of the lack of plants, inoculations v/ere

made as the secdliivs became lar-e enough to bud.
tions worn by buds,

All inocula

Throe or 6 plants v/ere used for each.

The following trees were sources of inoculating buds:

j

-30

Cortland, J - 3 0 Virginia Crab, J-31 Cortland, E-31 Cortland,
L-Jf Virginia Crab, F-6 Virginia Crab, and USDA 227.

These

plants v/ere maintained in the greenhouse for a period of 2
years.

The initial reading was taken b months after inoculation.
Series 2.

Seedlings of P. tomentosa wore obtained from

a local nurseryman, planted in
greenhouse.

inch pots and grown in the

The sources of in.ocu.liin were from the sa.mo trees

usod in the orchard tia-mmission studios on immature trees•
Some of the standard sources of inoculum wore also used.
inocula tin."- buds v/ere used for each plant•

In most cases only

1 plant was used for each source of inoculum.
trees had a Virginia Crab bodystock.

Two

Most of the

One _P. tomentosa seed

ling, unless otherwise indicated, was inoculated with buds from
the following trees:

J-30 Seedling root, J-30 Cortland, J-5

Cortland 3 plants, 1-12 Cortland 3 plants, 1-5+ McIntosh, K-*fl
M.IV rootstock 3 plants, E-31 Cortland, G-27 McIntosh, G-28
McIntosh, G-29 McIntosh, G-30 McIntosh, G-31 Virginia Crab,
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F-21 Virginia Crab, L-5 McIntosh, L-6 Northern Spy, L-ll Ned
Spy, L-28 northern Spy, L-29 Northern Spy, M-^t Virginia Crab,
M-5 McIntosh, and M-17 McIntosh.
Physocarous opulifolius (Ninebark).

Seeds of an orna

mental P. opulifolius were collected in Durham, cleaned and
stratified for 90 days in the refrigerator.

The seeds were

germinated in sand flats and transferred to !f-inch pots,

VJhen

these seedlings had attained sufficient size they were inocula

ted ,

Syr.yt ri readings wero taken 3 months after inoculation.

Three plants , unle ss othorv/iso ino:!ca tod
followin'* sources of inoculum:

v/ere nudbod with the

J-30 Virginia Crab, 1-12 Cort

land, J-f Cortland, D-l° Virginia Crab, Gravenstein 1 2 Plants,
Maidwin 1 2 plants, and check plants,
Cotoneaster multiflora.

Seedlinos of Cotoneaster

multiflora v/ere obtained from Mr, Robert Kennedy, Associate
Professor of horticulture, Thompson School of Agriculture, and
wore r*rown in the greenhouse in k-inch pots.

Four seedlings

wore hoocu 1"tc J • th. o a p’• ~rurco of ipnend ,iTn,
v’oim t'O-on 1° nooks ■-ftcr .i.noculati~n.
wore the sources of inoculating buds:

S’'’''1’ to’'1 readings

The followin'": trees
J-30 Virginia Crab,

1-12 Cortland, J-5 Cortland, D-lc Virginia Crab, G-31 Virginia
Crab, Gravenstein 1, Daldwin 1, and check plants,
Aronia arbutifolia (Red Chokeberry),

Seeds of A .

arbutifolia v/ere collected locally, stratified, germinated and
transferred to ^f-inch pots and grown in the greenhouse.
seedlings v/ere inoculated with each source of inoculu.
ings v/ere taken 7 weeks after inoculation.

Three
Read

The following trees
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were the sources of inoculating buds:

J-30 Virginia Crab,

D-19 Virginia Crab, G-31 Virginia Crab, 1-12 Cortland, J-5
Cortland, Gravenstein 1, and check plants.
These plants were kept in the greenhouse for 2 weeks
after inoculation and were then transferred to available space
under artificial light.

The temperature in this room was

around 60°F which was too low ^ or adequate growth of the plants.
The light intensity was 20 foot candles at pot height and at 1
foot nearer the li'-'nt w s r, 60 foot can'll o s .
tom expression were talon 5 weeks

Readings of symp

f ter ' la cement under incan

descent light.
Prunus vversica

(Peach) .

Twenty-four peach seedlings

growing under an abandoned peach tree were transferred to kinch pots and maintained in the greenhouse.
plants were used
lings were

in the initial trial while the remaining seed

savedfor later use.

lated for each source of buds.
aftrir 1b weeks .
lating buds:

Half of these

One or 2 seedlings v/ere inocu
Symptom readings were taken

f|1ho f ol l ovr"in " trees vere hi>p "'ources of inocu

J—30 Cortland, J-5 Cortland, 1-12 Cortlam7 , G-31

Virginia Crab, H-^fl Seedling root and check plants.
b.

Halus Group•

Since viruses do not always produce

visible symptoms it may be necessary to demonstrate their pre
sence in a

plant by transmission to another plant.

which will accept a

A. plant

virus from another host and respond to the

infection by displaying symptoms may be called an indexing host.
These reactions may be in the form of leaf spots, mottling,
distortion, necrotic areas, wilting, and stem necrosis, dieback,
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dwarfing or even death of the plant.

One of the objectives of

this study was to try to find an indexing host for apple virus
detection.

It was thought that the development of an indexing

host closely related to the cultivated apple would stand a
greater chance of being susceptible to more or even all of the
viruses present in the cultivated apple rather than one dis
tantly related .

There is some evidence that certain plants

will react to apple v i ruses.

Hilliknn and -eun^ertch (88)

have used an Amotrmchior rw . vh:i oh reacted t ' the Talus stem
r i ttin- virus by l^nf mott?..in'*.

rihomas

(12b) used a Iyracantha

sp. to demonstrate a bar1' canker reaction to the apple flat
limb v i r u s •

These reactions indicate that the rrospect for

finding an apple virus indexing host is possible.

To date,

there is no indexing host of this nature developed for apple
viruses.
The present methods of indexing are designed for specific
reactions to rubbery wood, apn-io mosaic and chat fru.it.

The

latter disorder ronwires b to 8 ■'■ears for fr^it *1eve lor ment and
sy"";'t^n o::nr os s:> or ,

"’ho jndexing method for rubbery wood and

ap' le mosaic has been described in the literature review.
methods have been adopted by workers in England
Tolland

(83 ) for their indexing procedures.

These

(53) end

In general they

are for specific reactions and would not detect other entities
which are latent,
Malus Seed Collections.

Clonally propagated indexing

material is desirable be.cause it is uniform and when inoculated
with like virus entities gives uniform reactions.

However,

in
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stone fruits it has been shown that some of the indexing plants
of Shirofugen and Kwanzan after having heon widely dispersed
contained a serious virus entity.

At the outset, then, in order

to avoid any similar occurrence the writer decided that seedlings should he used in preference to clonal material.
The host range study was greatly aided by the location
of mnnv
snecies
of the "onus
Talus at the Arnold Arboretum,7
t
i
1
.Jamaica M a i n .

'h ssachusetts.

Several species of talus v;ere

collected in l°9t v,
rith f"o a i/! of Dr, pr.rl Sax, director in the
Arnold Ar b o r e t m ’.

Seeds of the foil ov/ln'- ''aIns f axons were

collected and used:

1alus hr ovines'1' (1350-2-A Y', Talus flori-

bunda (Dl!!-97-A), 1ulus hallinna spontanea

(107°6-3 ), -ralus

nr unifolia rinhi, 'laIns robust a (2773-1-b), ~'alus sargcnti rosea
(110^9), Talus sieboldii arborescens (1009!+), ..alus sikhimensis
(70-36-A), Malus toringoldes

(180-52-A).

These Talus taxons

were selected because they possessed the quality of npomixis
in some degree.

In older trees they tend to breed true and are

ov o ^ ? c ^ “* ’*^ Or'i 0 '■^

I*.'"'0

near subst:! tutior. tor cl on ally
Culture.
hand.

t^■'V’ti•

in i-^ j

n

repainted plants.

The seeds from these plants -./ere cleaned by

Later collections v/ere cleaned in a /•paring Blender with

a leather baffle substituted for the metal baffle.

The seeds

were stratified In sand in the refrigerator and at the end of
90 days were placed in the greenhouse to germinate.

Seed

germination was poor for the amount of seed collected.
1.

See Appendix A for scientific name.

2.

Arnold Arboretum identification number.

This
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limited the extent of experimentation to the number of plants
available in each taxon.

Furthermore, genetic or virus abnor

malities occurred in some of the seedlings, thus limiting again
the number of seedlings available for use.

Only plants which

were free from visual symptoms of disorder were used.
The plants were kept in the greenhouse, watered, daily
and fertilized every P or 3 weeks •

i'o limht restrictions were

placed up on then, and the temperature wa s variable»
after a 1or led of '‘"me re- ’inr‘s '..'ere tnv en "''h the plants
were subjected to low artificial Xi:-ht inter si ty at day tem
peratures of
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°F and n.i/ht temperatures of 6 0 ° F •

Commercial

60 watt incandescent liu'ht rnibs wore ulnced about 2 1/2 feet
above the bench in aluminum reflectors.

The halus seedlings

were in V-inch pots, and the light intensity at pot level was
adjusted to 20 foot candles.

It the heiu-ht of 12 inches which

was also the height of most of the plants the light intensity
was 60 foot candles.
p

''-'.Fp,

The plants wore exposed to the light for

s the ~'lanfs pro'’ i-v.-.r^ t-

-ru'co ^

the light in torsi I;■ incroa -;od ^ f the toi’ninsl leaves.
full r m u o of light int.on si ty ror s ■*i m t

linht
The

if inches tall was

from 22 Toot candles to ah-out IfO foot candles•
The plants were budded with a standard series of buds
which represented the various combinations of viruses occur
ring in the experimental orchard.
hlant orowth is modified under low artifical light
intensities.

The shoots become etiolated,

more succulent, and growth is reduced.

the leaves become

Some virus disorders
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are more pronounced under these conditions

(17, 121).

The plants under light v/ere fertilized every 2 or 3
weeks.

The liquid fertilizer solution was prepared by adding

1 tbsp of ammonium nitrate

(33 per cent nitrogen) pellets and

1 tbsp of 16-32-16 starter fertilizer to a 12 quart nail of
wator.

Frequent fertilization was necessary to maintain

a dequate gro w t h .

A11or t11o

1m>■<t’■ '‘ad " or " r o w

in the "rr,en^’ou.so and

the rc-ad inr*s t^’-on, at 1""st ■'art of o aeh aori.es was moved

t

~

the a

r

1

1

f

:

c

i

a

1

z ")

A

r

r'

0"',

to the livht room without wa it i
develop.

A

o

n

e

-

l a

p f ;

'

t

o

u

t

a ’-’ore

/oved

cny rr eenhous e symptoms to

In the woenhouse adventitious shoots tended to show

symptoms of distortion.

Therefore, the riants were induced

to promote new growth by cutting bad: and leaving a few buds
above the point of inoculation.
Talus floribunda.
quantity,

The seeds germinated readily and in

Seedlinr* "rowth. in ^1
— inch nets was "cod .

T.rnre not tin 1f^r m
to 2— .
a_ 7 nr
7
—

1>m'over , n v**n r- "leaves var'r"in-"
obed .

The plants
e^ t1re

T'Uose ' 1 ants •’oro in a state of vigorous
'■

growth when inoculated with buds from the following source trees
J-30 Virginia Grab, 1-12 Cortland, J-7 Cortland,
Crab, D-19 Virginia Crab and Gravenstein 1.

"'--31 Virginia

Check plants were

maintained, and observations v/ere made at daily intervals to
note symptom development.

Greenhouse and artificial light read

ings v/ere made over a 3 month period.
I-Ialus sleboldii arborescens.

The seeds germinated

readily but in less quantity than M. floribunda.

The plants
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were not uniform an'’ the leaves were either entire or 3- or
5-lobed,

The plants were in a state of viperous growth cat the

time of inoculation with buds from the following source trees!
J-30 Virginia Grab, D-19 Virginia Grab, 1-12 Cortland, J-5
Cortland, G-31 Virginia Crab, Gravenstein 1 and Baldwin 1.
«

Half of the plants in this and other series were left in the
greenhouse while the other half was rlnced under artificial

lie}it.

All synr toms occurred within a 3 month reriod in the

greenhouse and within

months in the livht room.

*'alus brevinos .

The sc secdlirws t o w ^aj.rly w e l l ,

The leaves were eith.er 2-, 3 “ or 5-lobed.

The plants were in

a state of moderate growth when inoculated with buds from the
followin'- source trees:

J-30 Virginia Crab and Gravenstein 1.

Readings were recorded during a 2 month period*
Italus sikkimensis.

These seedlings were uniform in

growth with leaves mostly entire or 3-lobed.
are considered to bo apomictic.

The seedlings

Seed germination was only fair.

These v lent s were in.ooula tod with buds from the followin'- source
trees:

J-30 Virginia Crab, 1-12 Cortland, D-l° Virginia Crab,

J-5 Cortland, G-31 Virginia Crab and Gravenstein 1.

Readings

were taken over a period of 1 1/2 months,
Halus prunifolia rinki.

The leaves were fairly uni

form being either entire or 2- or 3-lobed, and the plant is
said to be apomictic.

Seed germination was poor, and various

disorders occurred in the leaves thus reducing the number of
plants available.

The seedlings were inoculated with buds from

the following tree sources;

J-30 Virginia Crab, 1-12 Cortland,
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J-5 Cortland, D-19 Virginia Crab, G-31 Virginia Crab and Graven
stein 1.

Readings v/ere taken over a period of 2 months.
Halus r o b u s t a .

Very few seeds germinated.

The leaves

of this taxon v/ere uniform, being either entire or slightly 3~
lobed.

The serrations may be fine or coarse.

v/ere actively growing v/hen inoculated.

These plants

The seedlings v/ere inocu

lated with

buds from the following tree

Crab,

Cortland, D-19 Virginia Crab,J-5 Cortland and G-31

1-12

Virginia Crab.

form of all the bnlus taxons

These seedlings v/ere the most uni
inoculated.

5-, 7~, or more lobed.

lated with

buds from the following tree

Crab,

Cortland, J-5

1-12

J-30 Virginia

Readings woro tabcn over a reriod of 2 1/2 months.

halus torln.ro-ides .

uniform, being

sources:

The leaves v/ere very

The seedlings were inocu
sources:

J-30 Virginia

Cortland, D-19 Virginia Crab,

Virginia Crab and Gravenstein 1.

G-31

Readings we re taken over a

period of 2 months.
The seeds of N. halllana spontanea and H. sargenti rosea
did. not terminate well, anh yorv few seed?.inss ’/ere avaliable
fnr inoculnlion •
inoculation.
recorded.

The'* vrere m o v e d

to the light room 1 week after

Their growth was poor, and readings are not

8?

SECTION IV
RESULTS
1.

Orchard Transmission Studies

L* Mature Trees.

These apple trees were inoculated in

the spring of 1958 with tree number J-30,

The inoculum source

was from each of the ? components of the tree:

Cortland variety

Virginia Crab body stock and seedling root shoots.

were inspected In the fall of 1°18 at harvest time,

The trees
ho symp

toms of the dap nlo nrulo virus d.isorder rern present on any of
the trees.

The trees were reinoculated in the fall of 1956 in

the some manner, and crafts were placed on them in the spring
of 1957.

The trees were inspected once on July 17; no symptoms

were discernible at that time.

The trees were watched closely,

and at harvest time dapple apple symptoms v/ere evident on 5
trees.
Inoculum Source J-30 Cortland Variety
Tt ec
lumber
U _ r/7
ny_o

Syn:toms
1 one
or':

•ryuo of Tree
Cortland on Virginia Crab on seedling
root
Sa^o

E-ll

Dapple Apple

E-12

hone

Cortland on Florence Crab on seedling
root

E-22

Hone

Cortland on seedling root

E-17

hone

Cortland on 11.IV rootstock

G-7

hone

McIntosh on Virginia Crab on seedling
root

Same
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Tree
Humber
II-11

Symptoms
Dapple Apple

Type of Tree
McIntosh on seedliny root

Inoculum Source J-30 Virginia Crab Bodystock
J-9

Dapple Apple

Cortland on Virginia Crab on seedling
root

E-13

Dapnle Apple

Cortland on Florence Crab on seedling
root

H-2^

.one

T1 *1O

ill— L

Cortland on seedling; root
Cortl"o<A on ' .I1/ rootstock

.

:-o

I)rumple A1■’'1 o

I'clntosh on Virr*ania Crab
root

TT-i

j.mio

McIntosh on seedlino root

Inoculum. Source J-30 Seed ling Shoot
J-27

Hone

Cortland on Virginia Crab on seedling
root

E-l^

none

Cortland on Florence Crab on seedling
root

E-26

Hone

Cortland on Seedling root

E-20

Hone

Cortland on II.IV rootstock

o_i p

,•'» 1I1j'p C

1 -p r? u

“i

Cm'

'

root
n-V

r:nre

Holntosh on seedling- root.

In addition to those trees,

the following trees which rere

inoculated on random brandies in the spring of 1956 and with
3 grafts in the sprin<~ of 1957 were watched closely for symp
toms of dapple apple.
During the summer of 1957 symptoms of the dapple apple
virus v/ere observed on 1 apple of the Golden Delicious variety,
A word of explanation is in order about the Golden Delicious.

Ilost mature red colored, apples start out as immature preen
fruits which turn yellowish green during the summer and then
assume the red color.

Golden Delicious, however, is not red

at maturity but a yellowish green.
on 1 cheek.

It may have a slight blush

During its developmental period, however, there

is a stage during the summer when the cheek of the Golden Delic
ious has a pronounced blush to its surface.

It was on this

surface that the first transmitted symptoms of the dapple apple
virus were observed.

This M u s h faded away later in the season,

as is customary, and so uid the symptoms of dapple apple.
The Starking Delicious at harvest tine gave good
symptoms.
Inoculum Source J-30 Cortland Variety
Tree
Number

Symptoms

Type of Tree

R-15

None

McIntosh on M.VII rootstock

S-15

None

Macoun on M.IV rootstock

T-15

Dapple Apple Starking Delicious on M.I rootstock

U-15

Du pi !e ../.pie Golden Delicious on M.VII rootstock

P-lb

None
IN

Immature Trees.

trees during 1957.
in 1958

Baldwin on M.I rootstock.
No fruit appeared on any of the

It is expected that some fruit may

as a result of the girdling technique.

trees died in 1957 in Gilford:
30,

appear

Thefollowing

Row 2, tree 19 and row 2, tree

No trees in this experiment died in Durham.

It is expected

that these experiments vrill be continued until all trees pro
duce fruit.
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2.
a

Greenhouse Studies

ITon-Rosaceous Plants

Cucumber Inoculations T Series 1.
tained

for 8 weeks after

inoculation.

The local lesion readings

v/ere made *+ and 10 days after inoculation.
ings v/ere made 30 days after
Source

of Inoculum

The systemic r e a d 

inoculation.

ho.Plants
Innculnted

j_io Cortland

The plants v/ere m a i n 

Reactions
Local Lesions
•Systemic

d>0

none

none

oo

none

n one

G-31 Cortland

20

none

none

USDP 22?

19

none

none

18

none

none

J-30 Virginia Crab
fruit

20

none

i-« t o m e n t o s a /J-30
Cortland

20

none

none

L * t o m e n t o s a / J -31
Cortland

16

none

none

P. t o m e n t o s a / d--1
Cortland

°o

none

none

P. toment os a /US D/\ 22?

20

none

G-31 Virginia

20

none

18

none

F —6 Virginia

L - h Virginia

Check

Crnb

Crab

Crab

1 constricted
leaf tip

2 constricted
leaf tips
none
1 constricted
leaf tip
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Series 2,
inoculations.

These plants were heat treated prior to

They were immersed in a solution of 1.0 per

cent TC^HPO^ at lf5°C for 60 seconds.
Source of Inoculum

No. Plants
Inoculated

Reaction
Local Lesion

J-30 Cortland leaves

18

Fine stippling on cotyledons,
7/18 plants with symptoms.

J-30 Virginia Crab
fruit

20

Fine stippling on cotyledons,
nearer , Blotch area at site
of inocelntjon, 7 witb symptoms

2-31 Cortlaud ]eaves

ll+

Fine stirulinf- on cotyledon!
meager. Blotch area at site
of Inoculation, smell.
6 with symptoms,

F-6 Virginia Crab
leaves

17

Fine stinnling on cotyledons.
Blotch area at site of inocula
tion, 3 with symptoms.

L-H- Virginia Crab
leaves

20

Fine stippling on cotyledons,
meager, 7 with symptoms.

G-31 Virginia Crab
fruit

20

Blotch area at site of rubbing,
5 with symptoms.

U GDA. 22? leaves

12

Fine stippling on cotyledons,
2 with symptoms.

* tomcntosa /-T-30
leaves

1°

Fine stivplin:" on cotyledons.
Blotch areas at site of inocu
lation, 10 wit h s;rmptoms.

P . tomentosa/J-31
leaves

18

Fine stipnling on cotyledons.
Blotch areas at site of inocu
lation,7 P with symrtoms.

P. tomentosa/E-31
leaves

20

Fine stippling on cotyledons.
Blotch areas at site of inocu
lation, 13 with symptoms.

Checks

20

Stippling, blotches, or scratch
es on 17 plants, none severe.
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Series 3.*

Cotyledons from some plants in Series 2

were used to see if any of the disorders could be transmitted.
Readings were taken b and 6 days after inoculation.
Source of Inoculum

No. Plants
Inoculated

Reaction

Cucumber/P. tomentosa/J-30 Cortland

20

none

Cucumber/P. tomentosa/J-31 Cortland

20

none

Cucumber/1_. tomentosa/E-31

12

none

Cueumber/USDA 22?

20

none

Cue umber/J-30 Virginia Crab fruit

20

none

Cucumber/G-31 Virginia Crab fruit

20

none

Checks

12

none

Ranhanus raphanistrum (Wild Radish)
J-30 Virginia

Crab

1-12 Cortland

10

none

10

none

D-19 Virginia

Crab

10

none

G-31 Virginia

Crab

13

none

12

none

k

none

J-5 Cortland
Checks
Datura stramonium (Jimson Weed).

A. peculiar vein

clearing occurred in some of these leaves, but the presence
of other disorders previously mentioned reduces the possibil
ity of considering it related to the inoculum.
Source of Inoculum

No. Plants
Inoculated

Reaction
Local Lesions
Systemic

J-30 Virginia Crab

7

scratches

none

1-12 Cortland

7

none

none
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Source of Inoculum

No. Plants
Inoculated

D-19 Virginia Crab

7

none

none

G-31 Virginia Crab

7

none

none

J-5 Cortland

7

scratches

none

Checks

7

scratches

none

Gomnhrena globosa
were

Reaction
Local Lesions
Systemic

(Globe amaranth) •

Necrotic areas

resent; at the site of inoculation and did not vary with

the scratches and injur-1' on the chocks •
ierios

1:

Source of Inoculum

No. Plants
Inoculated

J-30 Virginia Crab

10

8 injured

none

0j

*+ injured

none

D-19 Virginia Crab

10

9 injured

none

G-31 Virginia Crab

10

2 injured

none

J-5 Cortland

10

b injured

none

Checks

10

10 injured

none

1-12 Cortland

O•
Series c.
to some difficulty.

Reaction
Systemic
Local Lesions

The fact the;t those

lant s were older 1

Uninoculated plants of G. globosa at a

certain age develop red circular spots on the leaves similar
to those which appear after inoculating with potato X virus.
Since older plants were used in this series it is probable
that the symptoms which appeared were the results of this matur
ing factor.

Injury due to inoculation was also present.

Source of Inoculum

No. Plants
Inoculated

Reaction
Local Lesions
Systemic

J-30 seedling shoot

2

2 injured

none

J-30 Virginia Crab

2

2 injured

none
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Source of Inoculum

No. Plants
Inoculated

Reaction
Local Lesions
System:

J-30 Cortland

2

2 injured

none

D-19 Virginia Crab

2

2 Injured

none

G-31 Virginia Crab
leaves

3

2 injured

none

J-30 Virginia Crab
leaves

3

none

none

Checks

o

none

none

J-30 Cortland

0

none

none

Cortland

3

none

none

none

none

Series 3.

J-5

1-12 Cortland
K-ll McIntosh

3

none

none

E-l8 McIntosh

3

none

none

G-1^- McIntosh

3

none

none

Chec]ts

3

none

none

Chrysanthemum leucanthemum (V/liite Daisv) .
J-30 Virginia Crab

5

none

none

1-12 Cortland

9

none

none

D-19 Virginia Crab

5

none

none

G-31 Virginia Crab

5

none

none

J-5 Cortland

5

none

none

Checks

5

none

none

Citrus aurantifolia (Key Lime).

The 8 inoculated Key
&

Lime plants were watched closely for a period of 10 weeks.
Readings were taken at the end of 8 weeks.

No symptoms

appeared which could be related to the usual virus reactions

of Key Lime seedlings when inoculated with Tristeza infected
bu ds.
Source of Inoculum

Leaf Symptoms

D-19 Virginia Crab

none

Gravenstein

1 leaf with a single fleck
1 leaf with tip constric
tion

Check Plant

none

rwood method with slight
nodlfication.

Eo local lesions or systemic reactions were

ever observed in these plants.

Sting nettle (Urtica

sp,);

Pigweed (Amarantbus retroflexus) j Leaf mustard (Prassica
.juncea); Onion, variety Utah Valencia; Pepper, variety Merri
mack Wonder; Celery, variety Emerson Pascal: beets, variety
Detroit Dark Red; Tomato, variety Ponny ‘
Pest; Tomato, variety
Window 7>ox; Tobacco, White hurley variety Judy Pride; Aster,
variety Purpeeana Early: Carrot, variety unknown.

a,

Eon-Ealus Group,

Fragaria vesca (Alpine Strawberry).
observed frequent].;/.

These slants were

Symptom readings were taken after 8

weeks and again after 27 weeks.

Eo typical strawberry virus

reactions occurred, and no other symptoms were observed.
However, some plants were set aside for further observation.
The leaves of these plants exhibited no definite or mild
symptoms, but they did not impress the writer as being quite
normal.

Eo further symptom development was observed in these

plants for another !i- weeks ,

June yellows appeared in n runner

plant fron a parent plant wh:lch had been inoculated with a
loaf showing apple mosaic symptoms.

June yellows is a geneti-

cal variation which occurs spontaneously.

Leaves from this

plant wore grafted onto other vesca plants, but the disorder
did not appear again.
Inoculum. Source

9

Virginia Crab
loaf r-r ' •'t
T_1

'"umber of
lants <-rafted

Reaction

I;o. Plants
Saved

none

Cortlar/'
leaf graft
Cortland
leaf graft

nano

D -19 Vi r gini a Cr a1>
leaf graft

none

2

G—31 Virginia Crab
leaf graft

none

0

USDA 217, leaf graft

3

none

0

Baldwin 2, leaf graft

3

June

1

!)1’
variation w"s
raspberry.

oc elder tails (blue!: has;
uu

.\auv- the scedl.in;

Yellows
>rry}.

1 ■ms ah or able

lants o: the black

The leaf shape varied from plant to plant; slight

distortions were a).paront in different leaves of the same
plant.

There were slight color variations accompanying the

distortions, and it was necessary to discard many of the plants
By far the most discouraging thing about the black raspberry
plant is its susceptibility to mite infestation.

Despite

having received much, care, these riants developed mite popu
lations that interfered greatly with their use.

Heavier
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applications of a nit icicle caused injury to the leaves of the
plant.

The variation in leaf shape, coloration, spray injury

and distortions made readings of the black raspberry plant
difficult, and further testing was discontinued.
ITo. of Plants
Grafted
Source of Inoculum
Reactions
J-30 Virginia Grab

6

Ho. Plants
Reacting

marginal reddening
on older leaves,
s1 i ght no erotic
area s ,
vellov.'ing of older
leaves,
basal shoots forced

Cortland

yellowing’ and veinationj
purplish spots,
lower leaf
abscissions

J-5 Cortland

o

reddening of lower
leaves,
stunted growth,
yellow blotches

D-19 Virginia Crab

6

yellowing of lower
leaves ?
reddening of leaves,
nurnlish snots

run us t o’
Series 1.

,

1
h

~i

0

o ::a

Jue to tin; Inconsistency in seed germina

tion and growth those slants were inoculated in a series of
3 over a period of 2 months, and readings were taken H months
after the first inoculations.

Consequently the checks wore

among the last plants to be selected although they were with
a late group of inoculations.
Ho.
Source of Inoculum Plants
J-30 Cortland

6

Symptoms

Fine necrotic spots, mottling, color
variation; 1 with no symptoms

Source of Inoculum

IIo.
5lants

Symptoms

J-30 Virginia Grab

Necrotic spots (1/*+ to 3/8 inch
diameter) interveinal, color
variation

J-31 Cortland

Fine mottling, fine necrotis spots

E-31 Cortland

Fine mottling, necrotic spots,
shot holes

S-31 Robusta V

3

1 fine mottling, 2 no symptoms

F-6 Virginia Crab

Color variation, no mottling,
tertiary veins netted, 1 no
symptoms

l-b Virginia Crab

Color variation, no mottlinrr. few
fine necrotic s]ots, 1 no symptoms

USDA 227

Fine mottling, color variation,
1 no symptoms

Chocks

Fine mottling, few fine necrotic
spots, 1 no symptoms
The plants in Series 1 were maintained for an additions

2 months.

The mottling and necrotic spots became more preve-

lent on all nlants including the check rlani

The Plants

were cut back, and in most cases new shoots appeared which
remained nymptomless until terminal "rowth coasod.

At this

point necrotic spots appeared on tho lower loaves and later
on the upper leaves.

Mottling also appeared in the leaves•

All plants appeared to show the same symptoms even though inocu
lated with seemingly different virus material.

Somewhat later,

seedlings were obtained from a local nurseryman, planted in
^-inch pots and permitted to grow.

They were maintained in

the greenhouse under conditions similar to those in Series 1.
Mottling and necrotic spotting developed in the usual manner.
It had been suspected that spray materials applied to these
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plants for the control of mites and aphids had some effect upon
the symptoms which appeared.

Therefore, half-strength and full-

strength concentrations of the miticide A.ramite were applied
to the plants.

The full-strength applications caused the usual

symptoms to develop, whereas the half-strength applications
reduced the intensity of the necrotic spots.

The mottling on

the lower leaves was a result of shading, and the subsequent
color changes were due to the onset of abscission.
Series 2.

Seedlings of P. tomentosa were obtained

from a local nurseryman and grown in the greenhouse.

Three

weeks after inoculation these plants were cut back and ne w shoots
soon appeared.

These plants were sprayed with the miticide at

half-strength concentration to reduce spray injury.

Symptom

readings were taken 15 weeks after inoculation.
Symptoms

Source of Inoculum
J-30 Seedling Root

None

J-30 Cortland

None

J-5 Cortland

Necrotic spots and color variation,
1 no symptoms

1-12 Cortland

Marginal chlorosis, necrotic spots,
1 no symptoms, 1 with ring spot
symptoms

D-19 Virginia Crab

Necrotic spots, mottle

I-1* McIntosh

None

K-l+i M.IV rootstock

2 necrotic spots, 1 terminal dieback, next lower leaves distorted

E-31 Cortland

Necrotic spots

G-27 McIntosh

None

G-28 McIntosh

Necrotic spots

G-29 McIntosh

Necrotic spots
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Source of Inoculum

Symptoms

G-30 McIntosh

Necrotic spots

G-31 Virginia Crab

Necrotic spots

F-21 Virginia Crab

Necrotic spots

L - 5 McIntosh

Necrotic spots, mottling

L-6 N orthern Spy

None

L-ll Red Spy

None

L-28 Northern Spy

None

L-29 Northern Spy

Necrotic spots

M-*f Virginia Grab

Necrotic spots

M-5 McIntosh

Necrotic spots

M-17 McIntosh

None

Checks

None and necrotic spots

Plants of Series 2 showed little appreciable difference
from the responses that occurred in Series 1.

Consequently,

no further trials with P. tomentosa were made.
Phvsocarnus opulifolius

(Nine b a r k ) .

Distinct virus

symptoms were not observed on the F. o p u l i f o l i u s .
were maintained for an extended period.
were cut back and permitted to grow.

The plants

During this time they

Three months after the

initial inoculation plants failed to show any variation fr o m
the initial reading.
Source of Inoculum

Symptoms

J-30 Virginia Crab

Term i n a l leaves slightly flattened

1-12 Cortland

None

J-5 Cortland

None

D-19 Virginia Crab

Leaves slightly rugose
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Source of Inoculum

Symptoms

Gravensteln 1

Leaves slightly disto r t e d

Baldwin 1

None

Check plants

None

These plants were cut b a c k and n e w growth appeared.
toms were observed on this n e w growth.

No s y m p 

A l t h o u g h these plants

were cut back a second time no symptoms were observed on the
n e w growth.
Cotoneaster m u l t i f l o r a .

During the course of the e x p e r i 

ment some of the inoculating buds died.
ded.

These plants were r e b u d 

In a d d i t i o n all plants were r e b u d d e d 6 wee k s after the

initial inoculation to insure exposure to virus inoculum.
C o n d i t i o n of Buds
2nd
Symptoms
Source of Inoculum
1st
J-30 Virginia Crab

if dead

1 dead

Veinal and interveinal
mottling

1-12 Cortland

b

alive

if alive

Mild mottling and spots

J - 5 Cortland

b

alive

if alive

Leaves appar e n t l y normal

D - 1 9 Virginia Crab

alive

if alive

Leaves mostly normal,
some slight mottling
and spots

G-31 Virginia Crab

if alive

2 dead

Leaves mottled on some

Gravenstein 1

if alive

R u s s e t t i n g on lower leaf
surface, some mottling
and veinal necrosis

Baldwin 1

1 alive

T e r m i n a l leaves w i t h
flecks

Check plants

A r o n i a arbutifolia

N o r m a l leaves, f e w w i t h
slight mottle.
(Red Chokeberry).

were noted on only 1 group of plants

Leaf symptoms

inoculated.

The inoculation
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site was the area of host reaction*
Source of Inoculum

Condition of Bud

J-30 Virginia Crab

3 living

D-19 Virginia Crab

2 living; 1 dead with girdling can
ker at inoculation site; stem above
canker dead

G-31 Virginia Crab

3 living

1-12 Cortland

2 living; 1 dead with girdling ca n 
ker at inoculation site; stem above
canker dead

J-5 Cortland

3 living

Gravenstein 1

2 dead; on 1 a girdling canker at
inoculation site; stem above canker
dead; small orange spots on midrib
of some leaves; necrotic wilting of
terminal leaf

Check plants

2 normal;

1 defoliated.

The low light intensity and cool temperature app a r 
ently caused the lower leaves to absciss on most of the plants.
No leaf distortion was observed.
Prunus nersica

(Peach)•
Symptom Reaction

Source of Inoculum
J-30 Cortland

None

J-5 Cortland

none

1-12 Cortland

None

G-31 Virginia Crab

Marginal yellowing and interveinal
spots on lower leaves

K-J+l seedling root

None

Check plants

Marginal yellowing.

After the initial reading the plants were set aside,
and excessive growth was cut off wh e n necessary.

The only change

noted was in the peach seedling inoculated wit h buds of J-30
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Cortland.

This plant ha d not put f o r t h n e w growth, and c u t 

ting h a c k was not necessary.

A p p r o x i m a t e l y 6 months after the

Initial reading an excessive enlargement of the b u d b a s e or
node was noted.
the plants.

No further leaf symptoms

occurred on any of

Table 3 .

Halus floribunda.

Greenhouse.

Symptom development on

a o c+«

p vj cq

inoculated seedlings.

Replications
Main shoot
Bud dead
Leaves
normal
distorted
spotted
mottled
colored
necrosis
Lobes
distorted
Serrations
distorted
Adventitious
shoots
Leaves
normal
distorted
spotted
mottled
colored
necrosis
Lobes
distorted
Serrations
distorted

J-30
12 3 ^

1-12
1 2 3 ^
.

Source of Inoculum
D-19
J-5
G-31
1 2 3 ^
1 2 3 ^ 1 2 3 ^

x x x

x

x x x x
x

Grav.l
1 2 3 ^

x x x
x
x

x
x x x
x
x

x x
tl. x

x

x

Check
1 2 3 ^

x x
x x x x

x

x

x x

x

x
x x
x
x

x
x x x x

x
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a/ Symptom expressed
Id/ Bright orange spots appeared 4 days after inoculation

Table *+.

Replications

s
y
m

P
t
0
m
s

Bud dead
Leaves
normal
distorted
spotted
mottled
colored
rounded
epinasty
necrosis
wilt
Lobes
distorted
Serrations
distorted

Halus floribunda.

Artificial light.

Symptom development

on inoculated seedlings.
Source of Inoculum
J-30
1-12
D-19
J-5
G-31
Grav.l
1 2 3 ^ 1 2 3*+ 1 2 3 ^ 1 2 3 ^
1 2 3 ^
1 2 3 ^
X

X X
X
x x x

Check
1 2 3 **

X

X

X
x x x

X X

x

X
X

X X

x
X X

x x x

x
X X

X

X

X
X X
X

X
X

X
X
X
X

X X
X
X

H
a

Table 5*

Malus sieboldii arborescens.

Greenhouse.

Symptom

development on inoculated seedlings.

J-30
12 3^

1-12
1 2 3 ^

x x

Bald. 1
1 2 3 **

Checks
1 23

x

xx

xx

x x—
x

Grav. 1
1 2 3 ^

.

x xA7
x

xx

.

x x£7

xx
x
x x

x
x x
x

x
x
x

x

x

x
x x

x
x

x x

x
x
x

x
x

a/ Faint spot depressions appeared 2 days after inoculation
b/ Bright orange spots appeared 6 days after inoculation

x

xx

X X

co >»a p<+> o a

Replications
Main shoot
Bud dead
Leaves
normal
distorted
spotted
mottled
colored
necrosis
Lobes
distorted
Serrations
distorted
Adventitious
shoots
Leaves
normal
distorted
spotted
mottled
colored
necrosis
Lobes
distorted
Serrations
distorted

Source of Inoculum
D-19
J-5
G-31
1 2 3 ** 1 2 3 ** 1 2 3 ^

Table 6,

Malus sieboldii arborescens.

Artificial Light.

CO 0 O e+*a

0 «<J CO

Symptom development on inoculated seedlings.

Replications
Bud Dead
Leaves
normal
distorted
spotted
mottled
colored
rounded
epinasty
necrosis
wilt
Lobes
distorted
Serrations
distorted
a/
b/

J-30
12 3^
yg/x x

1-12
1 2 3 ^

Source of Inoculum
D-19
J-5
Grav.l Bld.l G-31 Check
1 2 3 ^
1 2 3 ^
1 2 3*+ 1 2
12
12
x

x x
x

x
x x x x x x
x

x

x x
x x x
x

x
xx

x

x x£x x

x
x

x

x

x

x

x
x
x

x x
x

x
x

x

x

x
x
x

x

x

Canker girdling stem at site of 1 s t
bud.
Necrosis at site of 2nd bud,
Lower surface of older leaves with brown veinal and interveinal necrosis.

o
VJl

Table 7.

Halus b r e v i p e s .

Greenhouse.

Symptom development on

inoculated seedlings.

to >» a a -p o a

Replications
Main Stem
Bud Dead
Leaves
normal
distorted
spotted
mottled
colored
necrosis
Lobes
distorted
Serrations
distorted
Adventitious
shoots
Leaves
normal
distorted
spotted
mottled
colored
necrosis
Lobes
distorted
Serrations
distorted
a/

J-30
1 2

Source of Inoculum
1-12 D-19 J-5
G-31 Grav.l Check

12

1 2

x

12

12

x

x

x

x

x

12

x
x

x

x

x
x

x
x£'

y§Lx

x
x

12

x

x x

x
x
x

Check plants had visual symptoms of mottling which developed after
other plants had been inoculated

f—•
o
ON

Table 8 .

Malus brevipes.

Artificial Light.

Symptom development in

inoculated seedlings.

Replications
Bud Dead
Leaves
normal
distorted
spotted
mottled
colored
rounded
epinasty
necrosis
wilt
Lobes
distorted
Serrations
distorted

J-30
12 3 ^

x

x
x x

Source of Inoculum
D-19
J-5
G-31
1 2 3 ^
1 2 3 ^
1 2 3 ^
x
x

1-12
1 2 3 ^

x

x

x x
x

x x

x

x

x
x

x

Grav. ]
1 2 3 1

x

x
x
x

x

x

x

x x
x

x

x x

x x
x

x
x

x
x

x
x

x

x

x

Check
12 3

x x x

2

Table 9«

Malus sikkimensis.

Greenhouse.

Symptom development on

inoculated seedlings.

to >»a p,+> o a

Replications
Main Stem
Bud Dead
Leaves
normal
distorted
spotted
mottled
colored
necrosis
Lobes
distorted
Serrations
distorted
Adventitious
shoots
Leaves
normal
distorted
spotted
mottled
colored
necrosis
Lobes
distorted
Serrations
distorted

J-30 1-12
1 2 3
1 2 3

Source of Inoculum
D-19
J-5
G-31
1 2 3
1 2 3
1 2 3

GravJ.
1 2 3

x£/
x
x
x

x x

x x

x
x

x x

x

x

x

x
x

x
x

x

Check

12 3
NONE

x

xx
x£/

x

x

x

x x x
x
x
x
x
x
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a/. Stem had sinewy appearance
"b/ Very small plant
jyC Tumors on leaf petiole.

x

Table 10.

Malus sikkimensis.

Artificial Light.

Symptom

development on inoculated seedlings.

Replications
Bud Dead

J-30
1 2 3

Source of Inoculum
D-19
J-5
G-31
1 2 3
1 2 3
1 2 3
x

1-12
1 2 3

& O «+«

B*<

TO

LeaVeS

normal
distorted
spotted
mottled
colored
rounded
epinasty
necrosis
wilt
Lobes
distorted
Serrations
distorted

b/

o /

x

&

x

x x

x

x x x x

/

G r a v l deck
12
1 2 3
NONE
V /

xJ2/
x

x
x
x

x

x
x

x

x
x

x

x

x

No leaves
Galls formed on midrib and leaf petioles.
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Table 11.

Malus prunifolia r i n k i .

Greenhouse.

5 O e+*c*

01

Symptom development on inoculated seedlings.

Replications
Main Stem
Bud Dead
Leaves
normal
distorted
spotted
mottled
colored
necrosis
Lobes
distorted
Serrations
distorted
Adventitious
shoots
Leaves
normal
distorted
spotted
mottled
colored
necrosis
Lobes
distorted
Serrations
distorted

1-12

Source of Inoculum
G-31 Gravel Check
D-19 J-5

1 2

1 2

1 2

1 2

1 2
x

x
X X
x§/

1 2

x

X

x x x

X X

Lower leaves cupped downward,

X
X

X

X
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a/

J-30
1 2

Table 12.

Malus prunifolia rinRi.

Artificial Light.

Symptom

development on inoculated seedlings.

J-30
1 2 3 ^

to >>a p,+> o a w

Replications
Bud dead
Leaves
normal
x x
distorted x x
spotted
mottled
colored
rounded
epinasty
necrosis
wilt
Lobes
distorted
Serrations
distorted

1-12
12 3 ^

Source of Inoculum
D-19
J-5
G-31
1 2 3
12 3 ^
1 2 3 *+

x x
x x

XX

x
x x x

Grav.l
1 2 3 ^

X

Check
1 2 3 ^

xxxx
X X X

X

x x x

x
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Table 13.

Malus robusta.

Greenhouse.

Symptom

development on inoculated seedlings.

Replications
Main Stem
Bud Dead
Leaves
normal
distorted
spotted
mottled
colored
necrosis
Lobes
distorted
Serrations
distorted
Adventitious
shoots
Leaves
normal
distorted
spotted
mottled
colored
Lobes
distorted
Serrations
distorted

J-30
1 2
x

x

x

x

Source of Inoculum
D-19
J-5
G-31
1 2
1 2
1 2

1-12
1 2

x

x

x

x

GravJ.
1 2

Check
1 2

x

x

x

x

x

x
x

x
x
x
x

x
x

x

Table I1*-.

Malus robusta.

Artificial Light.

Symptom

development on inoculated seedlings.

Replications
Bud dead
Leaves
normal
distorted
spotted
mottled
colored
rounded
epinasty
necrosis
wilt
Lobes
distorted
Serrations
distorted

J-30

1-12

Source of inoculum
D-19
J-5
G-31

Grav.l

1 2

1 2

1 2

1 2

1 2

1 2

Check
1 2

x
x

x
X
X

X
X
X

X

Table 15.

Malus toringoides.

Greenhouse.

Symptom

w S o c+*0 0 V* TO

development on inoculated seedlings*

Replications
Main Stem
Bud dead
Leaves
normal
distorted
spotted
mottled
colored
necrosis
Lobes
distorted
Adventitious
shoots
Leaves
normal
distorted
spotted
mottled
necrosis
colored
Lobes
distorted
Serrations
distorted

J-30
1
2

1-12
1
2

Source of Inoculum
D-19
J-5
G-31 Grav.l
1
2
1
2
1
1

Check
None

x

11*+

Table 16.

Malus toringoides.

Artificial Light.

Symptom

development on inoculated seedlings.

>> s p,+> o a

Replications
Bud dead
Leaves
normal
distorted
spotted
mottled
colored
rounded
epinasty
necrosis
wilt
Lobes
distorted
inhibited
Serrations
distorted

J-30
1 2
x

1-12
1 2

x

x

x

x

Source of Inoculum
D-19
J-5
G-31
1 2
1 2
1 2
x

x

x x
x

x

x

GravJ.
1 2

Check
None

x

x

x
x

x

x
x

x
x

x
x

x

x

x
x
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SECTION

V

DISCUSSION AND CONCLUSION
The experimental portion of the orchard was designed
for a bodystock study.

The virus disorders which appeared in

the trees were incidental to the main purpose of the experi
ment, but proved to be most interesting.

There were several

features of tree structure in the orchard which made this
study possible and promoted a reasonable theory for the cause
of disease occurrence.
The foremost feature is that all grafting wood used
for each of the varieties came from 1 tree of that variety.
If this had not been so the disorder dapple apple could only
have been described as a disease, and proof of its virus-like
nature demonstrated by transmission.

The opportunity for trac

ing and understanding the means of infection would have been
missed.

This would have greatly reduced the possibility of

demonstrating that dapple apple is a complex of viruses rather
than a single virus entity.

Also the single tree source of

scionwood eliminates the contention that the Malus stem pit
ting virus is carried in its entirety in all the varieties as
has been suggested, because if this were true all topworked
Virginia Crabs in the orchard would have shown the disorder,
since it occurred on some trees of each variety.

The virus,

then, must be located in the Virginia Crab or in the seedling
root as the perpetuating agent.

Florence Crab on seedling
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rootstock is also susceptible to the Malus stem pitting virus
but f e w trees are affected when compared with Virginia Crab
on seedling rootstock.

By this deduction the Virginia Crab

remains as the main agent of dissemination of the Malus stem
pitting virus.

How and when the initial infection occurred

is not known, but a knowledge of nursery practices indicates
that it occurred unintentionally and by any of several various
methods.

An excellent article by Fosnette

some of the methods

( 9*+) considers

involved.

Virginia Crab scionwood when propagated in large
quantities on seedlings must come from several trees.

The

occurrence of infection in some bodystocks and not in others
indicates that some of the Virginia Crab scionwood source
trees are infected while others are not.
viruses)
gated.

The virus

(or

is perpetuated with the scions as the plant is propa
The Malus stem pitting virus is latent within the

Virginia Crab and is not expressed in the bodystock until a
variety is top-worked to it.

The disorder has not been

reported in the literature nor seen by the writer on trees which
have not been top-worked.

Why symptoms appear in the Virginia

Crab only when top-worked with a variety has not been investi
gated .
The bodystock varieties Virginia Crab, Florence Crab
and Red River Crab are susceptible to infection by the Malus
stem pitting virus.

Symptoms occur only on trees which have

been top-worked with a variety.

Mature 15-year-old trees

were inoculated with the Malus stem pitting virus.
readings will be taken in subsequent years.

Symptom
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Much the same reasoning can be proposed for the occur
rence of dapple apple; however, it is more complicated.

The

theory is proposed that the disorder dapple apple is a complex
disease consisting of 2 virus entities which, when coming
together in 1 apple tree, cause the symptoms of dapple apple.
Either factor alone within a single plant is latent.

Dapple

apple first occurred on the Cortland variety trees which had
Virginia Crab as their bodystocks.

Also it has not occurred

spontaneously on any other variety unless suspected of having
been grafted with infected material.

The fact that it occurred

originally on the Cortland variety and only with the bodystock
Virginia Crab indicates an interaction of some entities between
these 2 units.

However, it does not occur on all Cortland/

Virginia Crab combinations.

Neither does it always occur with

the Kalus stem pitting virus; therefore, it must be considered
a separate virus

entity.

Sincewe know that the Cortland

scion-

wood was grafted

from 1 tree we can say with some assurance

that any virus composition in the Cortland is the same through
out the orchard.

This, then, leaves the Virginia Crab as the

variable factor.Some of the scionwood
propagate the Virginia Crab may

source trees used

to

contain 1 component while the

Cortland contains the other component.

When they are brought

together in 1 tree dapple apple is expressed.

The orchard

experiment on immature trees is designed to substantiate or to
defeat this theory.

Seedlings can be eliminated as the perpetua

ting agent because the disorder does not occur on other Cort
land trees inhere seedlings have been used.
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The virus entities which cause the symptoms of dapple
apple have heen transmitted to varieties other than Cortland.
In the inoculation series inoculating buds were placed on
limbs on the opposite sides of each tree and in other trees
they were placed on random limbs.

The occurrence of symptoms

more widely spread on the random limb inoculations indicated
that several points of inoculation cause more rapid symptom
spread within the tree than more intensive localized inocu
lations .
Apples in the vicinity of the inoculating buds in either
direction along the limb remained symptomless.

However, those

fruits growing on the first or second side branches centripetally to the buds developed symptoms, indicating an unusual
pattern of virus movement through the tree.
The conclusion offered is that the Malus stem pitting
virus is perpetuated in the Virginia Crab bodystocks by the
use of scionwood material from infected Virginia Crab trees*
It is also concluded that the most reasonable explanation for
the occurrence of the dapple apple disorder is the presence
of 1 component in the Cortland variety and that the other com
ponent is in some of the Virginia Crab bodystocks.

The Malus

stem pitting and dapple apple disorders occur independently of
each other.
The relationship between the Malus stem pitting and
apple flat limb symptoms has been mentioned.

Preliminary

inoculations have been made; G-31 Virginia Crab scions were
inoculated with flat limb infected Gravenstein 1.

At the end

of 18 months sinewy growth and longitudinal fissures in the
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wood as well as tumerous swellings above the bud node appeared
in the Virginia Crab.

The reverse inoculation with Malus stem

pitting infected Virginia Crab to symptomless Gravenstein has
not been made.
The leaf inoculation technique proposed by Yarwood
works with many plant virus diseases and is more or less a
standard method of inoculating many herbaceous hosts.

In the

attempt to develop an indexing host this method was thought to
be the most desirable for transfer of viruses to herbaceous
plants.

Many plants were tried in which the Yarwood method was

used as the method of inoculation.

In all cases no symptoms

resulted from inoculation which could be classified as a reac
tion to virus inoculation.

Mechanical transmission of viruses

in the Rosaceous group does not take place readily, if at
all (17).
The Rosaceous plants which were tried, including the
Malus group, did not respond in any consistent fashion to the
apple virus inoculations.

F. vesca was a disappointment in

that the leaf grafting technique could be readily adapted to
this plant out the responses were lacking or very meager.

On

those plants which were saved vague leaf distortions were noted.
However, these were single leaves which could not be definitely
associated with the inoculation.

It is thought that more exten

sive testing of F, vesca may lead to further knowledge of apple
viruses.
Prunus tomentosa was difficult to grow in the greenhouse
for the purposes intended.

In the beginning considerable time
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was spent in obtaining and germinating seed.

The initial

responses obtained were the result of spray injury and resem
bled very closely the necrotic ring spot type of injury
associated with the Prunus group.

In some cases a mottling

of the ring spot type was noted from some sources of apple
inoculation, but the lack of seedlings prevented further study.
The possibility exists that the purchased seedlings which had
spent a year in the field may have been exposed to natural
virus infection, which resulted in expression of symptoms in
the greenhouse.
Phvsocarpus opulifolius was not found to be a respon
sive plant to apple virus inoculation.

It is not considered

to De satisfactory for use as an indexing host,
Cotoneaster multiflora showed symptoms of virus reac
tion only after the plants had been held for an extensive
time.
leaves.

Some veinal and interveinal mottling occurred in the
As the mature leaves aged the mottling became more

pronounced.

Although this plant responded to Gravenstein 1

flat limb inoculation it is thought that better plants are
available for indexing work.
Aronia arbutifolia plants were in a room at relatively
cool temperatures for plant growth due to lack of space in the
warmer light room.

The plants did respond to inoculation by

developing necrosis and cankers at the site of bud-inoculation
with Gravenstein flat limb.

For this particular virus it is

probably a better plant than C. mul ti fl or a.
Prunus persica did not respond readily to any of the
inoculations made.

Only after considerable time did the enlarged

bud condition become manifest.

The limited trials with peach
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seedlings are inconclusive, but they indicate that this host
is not adaptable to apple virus indexing.
It was thought that the plants in the Malus group
because of their close relation to the cultivated apple should
offer greater potential for expressing virus reactions than
any of the species previously mentioned.

The initial series

of greenhouse inoculations showed considerable variation in
symptom response but these responses were not uniform.

In an

effort to standardize the reactions, low light intensities
for short periods of time were tried and found to bo conducive
to leaf distortion as a direct result of virus inoculation.
The leaves under the liaht intensities of the green
house did not express any deformation on the main shoots.

The

leaves on lower adventitious shoots, however, being somewhat
shaded, did show distortion and gave responses which indicated
virus reaction.
inoculation.

Also there is a time element involved after

The more vigorously the plant was growing the

more rapidly the leaf spotting and necrosis appeared in the
terminal leaves.

When these plants were placed under artificial

light the terminals would keep growing but distorted leaf
growth did not appear readily.

When these plants were cut

back, the new growth, either adventitious or from buds formed
after inoculation readily showed distortion symptoms in the
new leaves, but shoots from buds formed prior to inoculation
grew normally for a while and then showed leaf distortion.
The virus entity apparently enters the bud more readily when
it is being formed rather than after it has been formed.
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It is thought that the leaf distortions are the result
of simultaneous growth of the leaf meristems and virus m ulti
plication.

Apparently the leaf meristems of apple plants grow

faster than the virus multiplication under hi gh light but
under low light the leaf meristems are retarded enough to per
mit virus multiplication v/ithin the area of leaf meristems and
thus influence their behavior.

The modifications resulting

from the virus activity in these meristems is enough to cause
distortion and create a symptom.

In some instances the meri

stems were inhibited and growth of this particular area ceased.
This reaction is most noticeable in M. toringoides where leaf
lobes are inhibited and distortion occurs.
Seedlings of M. floribunda offered major responses to
2 sources of inoculum.

The J-30 Virginia Crab and Gravenstein

1 inoculating buds responded in death of the bud and necrosis
at the site of inoculation.

This would seem to further sub

stantiate a former assumption that the apple flat limb and
Malus stem pitting viruses are related.

H o w e v e r , D-19 which

is the tree selected to represent the Malus stem pitting dis
order did not respond with bud death, although in 3 out of
plants the leaves were distorted.

Various leaf colorations,

spottings, and mottlings in several of the plants resulted
from the different sources of inoculum.

These reactions are

adequate for indexing reactions.

Generally leaf spotting

reactions appear within 2 weeks.

The most rapid appearance of

symptoms in this group was 6 days after inoculation.

Under

artificial light leaf distortion of the new shoots was the most
prominent reaction.

It occurred in plants from all sources of
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inoculum.

The reactions were general and the symptoms could

not be placed in categories which would aid in separating the
virus entities.

It is concluded that M. floribunda may be

used as an indexing host for general screening of apple virus
detection.

It is suggested that at least 5 replicates be used

for each source of inoculum
sieboldii arborescens gave the impression of being
slightly more sensitive to virus inoculations than M. floribunda
by responding with more leaf coloration and spotting symptoms »
The bright orange spots appeared readily in some seedlings, and,
as with M. floribunda orange spots were present after 6 days.
The most rapid reaction of the whole series was with H.
sieboldii arborescens in which fine spot depressions were appar
ent 2 days after inoculation.

These spots appeared in the

terminal leaves 9 inches away from the site of inoculation*
Under artificial light distortion of the leaves occurred in
some seedlings from all sources of inoculum.

An attempt has

been made to propagate the Number 1 seedling inoculated with
J-30 Virginia Crab buds.

It is realized that this probably

contains a virus in it since it was inoculated, but later develop
ments may offer some way to eliminate the virus from this clone.
This particular plant would be very useful for necrotic stem
reactions similar to Shirofugen in stone fruit indexing.
It is concluded that seedlings of M. sieboldii
arborescens would make a good general indexing host for apple
viruses.

It is also suggested that at least 5 seedlings be

used for each source of inoculum.
The apparent lack of vigorous growth in seedlings of
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Malus brevipes at the time of inoculation probably prevented
these seedlings from expressing better symptom reaction under
greenhouse conditions.

Under artificial light those plants

which grew well showed good symptoms.

Again, distortion in

the leaves of these seedlings occurred in some plants from all
sources of inoculum.

Further work with M. brevipes is encour

aged.
Seedlings of M, robusta were moved to the light room
2 weeks after they were inoculated.
coloration symptoms.

They did show some leaf

Under lights the leaves of the plants

showed distortion, but the symptoms were not very pronounced.
Seedlings of M. prunifolia rinki were not vigorously
growing when bud-inoculated.
toms were meager.

The plants grew slowly and symp

It is thought that the maintenance condi

tions for these seedlings were not the best.

Once the plants

had lost their vigorous growth they never regained it.
little growth occurred under artificial lights.

Very

The check

plants in this group showed leaf distortion and enlarged ser
rations .
Seedlings of M. sikkimensis showed distortion in the
greenhouse on at least one plant from each of the groups inocu
lated.

Other symptoms were also expressed which indicated that

these seedlings could be used in the greenhouse as indexing
hosts.

An unusual symptom occurred on the leaf petioles of 1

plant in this group.

Galls were formed on the leaf petioles

of the number 1 plant inoculated with apple flat limb.

The

seedling later showed leaf distortion symptoms under the lights.
Under artificial light those plants which grew displayed
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distinct symptoms of leaf distortion.

The greenhouse and arti

ficial light responses of the few plants used of this taxon
indicate that !L

sikkimensis would be a good indexing host for

apple virus diseases.

One definite drawback is the lack of

adequate seed source of this species.
The leaves of M. torineoides on separate plants were
strikingly uniform.

Despite the fact that very few plants

were available, the writer considers M. torineoides to offer
the

st possibilities of the plants tested for use with the

artificial light indexing technique.

The reactions are prob

ably the most distinct of any of the species tested.

The

lack of greenhouse symptoms is due to the fact that they were
moved to the light room after 2 weeks.
It is concluded that M, toringoides offers considerable
possibility as an indexing host and would be highly recommended
for further trial in any indexing investigations of apple
viruses under artificial light.
See Appendix C for photographs of some symptoms
expressed.
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SECTION VI
SUMMARY
Trees in an apple orchard experiment, in which the
main consideration was a hardy bodystock study, developed
virus-like disorders in the bodystocks
and the fruits

(Malus stem pitting)

(dapple apple) of some varieties.

These

virus disorders were studied to determine their occurrence
and distribution, and one new virus disease
was demonstrated by transmission.

(dapple apple)

Field inoculations were

made in mature and immature trees in an attempt to determine
the complex of viruses involved.
Greenhouse studies were undertaken to determine the
transmissibility of viruses causing several types of symp
toms.

No transmissions were obtained with the leaf rub

method of inoculation on any of the plants tried outside of
the Rosaceae,

Grafting inoculations within the family

Rosaceae offered some promise for developing an indexing
host for apple virus diseases.

Within the genus Malus seed

lings of several hosts were bud-inoculated and grown under
greenhouse and low intensity artificial light conditions.
Seedlings of the species Malus flor ib un da , M. sieboldii
arborescens and M. toringoides are considered to be promis
ing as indexing hosts for apple virus detection.
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APPENDIX A
The names of the following plants are in accord with
Gr a y ’s Manual of Botany (39) or

Manual of Cultivated Trees

and Shrubs (108).
Amaranthus retroflexus L.

Pigweed

Aronia arbutifolia Elliott.
Brassica .juncea (L.) Coss.
Chenopodium album L.

Red Cholceberry
Leaf Mustard

Lamb’s Quarters

Chrysanthemum Leucanthemum L.
and Lamotte.

v a r . Pinnatifidum LeCoq

White Daisy

Citrus aurantifolia Swingle.

Key Lime

Cotoneaster multiflora Bge.
Cucumis sativa L.

Cucumber

Datura stramonium L.

Jimson Weed

Eriobotrya japonica Lindi.
Fragaria vesca L.

Loquat

Alpine strawberry

Globe Amaranth

Gomphrena globosa L.
Malus brevipes Rehd.
Malus floribunda Sieb.

Malus halliana Koehne.

v a r . spontanea R e h d .

Malus prunifolia E orkh,
Malus pumila Mill.

va r . rinki R e h d .

Common Apple

Malus robusta Rehd.
Malus sargenti Re hd.
Malus sieboldii Rehd.

va r . rosea Rehd.
var. arborescens Rehd.

Malus sikkimensis Koehne.

Malus toringoides Hughes.
Physocarpus opulifolius Maxim.
Prunus avium L.

Ninehark

Sweet Cherry

Prunus persica Batsch.

Peach

Prunus tomentosa Thunb.
Raphanus raphanistrum L.
Rubus occidentalis L.
Sorbus pallescens Rehd.

Wild Radish

Black Raspberry
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APPENDIX B
A list of trees used as sources of inoculum giving
tree components and disorders.
Experimental Orchard Trees
Tree
Number Variety

Bodystock

Rootstock

Disorder

seedling

Malus stem pit
ting

D-19

McIntosh

Virginia Crab

E-31

McIntosh

Robusta V
Dapple apple
(A clonal selection of Malus robusta)

f -6

Virginia Crab

seedling

none

F-21

Northern
Spy

Virginia Crab

seedling

none

G-l>+

McIntosh

Virginia Crab

seedling

none

G-27

McIntosh

Virginia Crab

seedling

none

G-28

McIntosh

Virginia Crab

seedling

none

G-29

McIntosh

Virginia Crab

seedling

none

G-30

Me Intosh

Virginia Crab

seedling

none

G-31

McIntosh

Virginia Crab

seedling

none

H-ll

McIntosh

M.IV

none

H -18

McIntosh

Virginia Crab

seedling

Malus
ing. McIntosh
fruit

i-b

Cortland & Virginia Crab
Me Intosh

seedling

none

1-12

Cortland

seedling

none

j-5

Cortland

Virginia Crab

seedling

none

J -30

Cortland

Virginia Crab

seedling

Malus
ting,
apple

J-31

Cortland

Virginia Crab

seedling

Malus
ting,

3>0

Tree
Number

Variety

Bodystock

Disorder

Rootstock
M.IV

Apple mosaic

Virginia Crab

seedling

none

McIntosh

Virginia Crab

seedling

Malus stem
pitting

L-6

Northern
Spy

Virginia Crab

seedling

none

L-ll

Red Spy

Virginia Crab

seedling

Malus stem
pitting

L-28

Northern
Spy

Virginia Crab

seedling

none

L-29

Northern
Spy

Virginia Crab

seedling

none

M-^-

McIntosh

Virginia Crab

seedling

Malus stem
pitting

K-^l

Northern
Spy

L-k

CortlandS:
McIntosh

L-5

M-5

McIntosh

Virginia Crab

seedling

none

M-17

McIntosh

Virginia Crab

seedling

Malus stem
pitting

seedling

Apple mosaic

Miscellaneous Sources
Baldwin 1
From D. McCloud Orchard
Wilton, New Hampshire

Apple mosaic
seedling
Baldwin 2
Branch and leaf samples brought in by a representative of
a chemical company.
Gravenstein 1
F r o m George Parker Orchard
Wilton, New Hampshire

seedling

USDA 227
seedling
Propagated tree, scionwood obtained from
University of Massachusetts.

Apple flat limb

USDA 22? virus
(latent)

P. tomentosa/J-30
”

A P. tomentosa seedling had been inoculated
buds from J-30, necrotic lesions on older
leaves.

P, tomentosa/J-31

A P. tomentosa seedling had been inoculated

l*fl

with buds from J-31, necrotic lesions on
older leaves.
P. tomentosa/E-31

A P. tomentosa seedline had been inoculated
with buds fro m E-31, necrotic lesions on
older l e a v e s •

APPENDIX C

P hotographs of s y m p t o m expression.

/V?

Leaves
_ from
___ a.. seedling
.
w of M. toringoides showing
Figure 3. ___
‘”
Plant grown under
distortion symptoms. Normal leaf on rigjrc.
incandescent light.
Inooulum: J-5 Cortland buds.

Figure 4. A seedling of M. toringoides showing distorted leaves.
Plant grown under incandescent light.
Inoculum: D-19 Virginia
Crab,buds.

)Ul)

stJ*

A
Figure 5. Leaves from a seedling of M. florlbunda showing
distortion symptoms. Normal leaves are on the left. Plant
grown under incandescent light. Inoculum: D-19 Virginia
Crab buds.

Figure 6. A seedling of
florlbunda showing
"epinasty of the leaves.
Plant grown in the green
house. Inoculum: 1-5
Cortland buds.

%

i

Figure 7. Leaves from a seedling of M. brevipes showing
distortion and mottling symptoms. Normal leaf on the right.
Plant grown under incandescent light. Inoculum: Gravenstein 1
buds.

Figure 8. A seedling of M. brevipes showing distortion of the
leaves. Plant grown under incandescent light. Inooulum: J-5
Cortland buds.

tV £

Figure 9. Leaves from a seedling of M. alkkimensis showing
distortion and mottling symptoms. Normal leaves on the right.
Plant grown under incandescent light. Inooulum: J-5 Cortland
buds.

Figure 10. Leaves from a seedling of M. sargenti rosea showing
distortion symptoms. Normal leaf on the right. Plant grown
under incandescent light. Inooulum: J-5 Cortland buds.

;i
47

Figure 11. A seedling of
M « florlbunda showing an
"elongated type of distortion.
Plant grown under inoandesoent
light.
Inoculum: J-30 Virgin
ia Crab buds.

Figure 12. A seedling of
M. brevipes showing greater
(Tisioriion on the longer
adventitious shoot. Plant
grown under inoandesoent
light.
Inooulum: J-30
Virginia Crab buds.

Figure 13. Abnormal swellings above the buds on Virginia Crab
, which had been inoculated with a bud from an apple flat limb
virus infected Gravenstein tree.

